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HWIRREOMT0% % 58 BIAKRISBHECIITE « OFBYREEL TH5. ThbDHERWEY - FEhr &
B, LOKRBIVPEKREFCORBSREYERFE L LERRXWTH Y, REBLRTEERRO Lo ATHEEY
BECIZSS DTN THESL. COXARRBESEPLEEOBMBICTh 2RI IBEREHRT AL
I, BORBEFEMRC, 55 IHREEOEYED L ThICEAThAWEBROMIIC, oI, A
By E2UAPBEORKDOTHETHECLEETHS.

WRFEOEE, BHELTWHLOLBERETHFEL TV A0S Hh, BIERERLICERY O
0.5 mDAVYT VT 4 A2 —BBLIELLD, BERZ 7 4 NVE—ERBLIHYEEL O EBN—BPCIHh
Tob., COBEFYEBEDEvBMCHBEL TA 5B &, 2R CHERBORER L, EYOFEBKLEDF Y
2AR2 X108 T, WHTI v vy, BT VI by, ArF Y TiRERER2 X100, 2 x10Me, 1
x10M e THB. —F5, BHEYTF P ) 2 AD10ED 2 X107 g £ BEIBR TV B (Cauwet 1981), &2 A5, &
DL > RBHEERYD, BRKD TORERINL)FET.5— 2eC/LBETHSD (Mackinnon 1981). =D X
SRR OBFABYEIMERE CH 5 L, BRI HORM - SHEXARE D, £Whd 5N TR
HARTHERIZHEA TG, BEEEHO S b hE CRBKPCFEN MBI V5501, 73 /8
(FvRZB), RK(EY, BEE V- EYDEEERBRNS &, TOMTIHEEL R $ vigEDELEF
MBI ETHD (Williams 1975, Steinberg 1984). Lirl, ChLHOREEIhILGHE L LHbETE, A
RS DABFRRMIC S 5E AL, DOC BEFHBRID MBS LT10—20% (Mopper and Degens
1979), DON (BHFEBBEFR) oW Tik15—50%BE (Sharp 1983) TH 3. HKPDOHERDOF THEFRE
THIET S 012, BIREHOMBIAEYGC, B, BRI h ORI LA LFNELLZIT D
DicETHEEZEL LR TS, ThbDRTRAERS DAL ED T53 D1, HEWHE, BHEWE
E LRI N MG LI HBEWE S FORERYE TH Y, ThHIBLEOC L HEWIC L 5 HF
T wEDOTHSD (Ogura 1967) . —F, BERE LTHEETH>HRYL, BLEY TS v 2 v, BT
SYILURTF LY ZRARETHS.

EZAT, BEZTOWRRBVTL, TROBEFERYHORERSCOWTL, B FHEY Y £ ORK
B E THMLT (FOE, SR, 2 v BiRT § VBICE CHR, TOREPHBEYFETH
Blcsh, HRPTOEIOEEFOREL CTEIHELMIE IR Tt W OBRBRTHS .

ZhODOYEORRKFTORED DEEOFARBLHET Hdid, BAMBKRKECIB7 7V g
G- g VOBRENLELLS. LrL, BAEBERER LB 7 57 v ak—v g VX VO BPEICOW
TRALNIHIT T THS (B 2iE, Tuschall and Brezonik 1980).

AR TE, ETHERBRBEROBEMMLEYOF TERD CTHLEEZXLRDEF L VA FECERL
o, TOBER VA7 RYEORE L ORRORERELYIE LM T 5 &1, BT 5ERERYHEL
NECTBLTAERETHS. 20T, AWETE, $THEEL VAZEYBEOER TRz >wCHEMcRE
L, SEORBVWHMERLYHTTAZ L, FOFELYBVTHET I/ BRERS IV LOERYELNCT S
L, BEZVARIBPWEODTROMELZDT 3 7BENEELICL, TOWBKFCOFEEREYHETSDZ
E, BbI, ThODHEEFNBERC OWTRE M2 22 B E L,

AWROBRIIATOER D THS., FTERRIEHE LT, BERILRFERE, <—V v/, gl - HkEr
E0BF . N—V VIUGEBAER, REWAEIRBCEBRTEBOLERCSBIERTHH EHER
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h, BRGOBEYEL LTEFITHSL. FIETE, EEECESVIEBKFOT I VBOREELE L I2DORK
LB R VA RYBEOSTFRSEDOHFEORILICDWTIHR~S . HNELEVE L, /A¥EEBERCES
GHBEET $/BORB LOBFEE VA RYBOS TRHSMHE COBHSEEPELEYHELAL, ThHDR
DOHECEHERCOWTEETS. EVETE, -9 VBB 5B E 7 ¢ » BEEOS 4 L RGO
EYFEGHOBbL VIO THEET S, FUETE, FECOWTELALCHARR OV TRANIER TS,



BIE WKHEOBHFT I/ BROSIE

W, WARKPOWET 3/ BOWEER, SHHED BB S OFE s & Oo-phthalaldehydeit 3 (O-
PARIE) #AVAERELRYNEEDOM A (Lindroth and Mopper 1979) & X 0, S EEEIC /K 7z, D
WIHER, RERO= Ve FY VEBERTREAM G D, BFREKFEr/ A V-V TULIFEELR
WIATEERET 3 B (DFAA) o4 #7ic# L Tu~5. Mopper and Lindroth (1982) %, #5.t TR 2 RS
FIBRBET A Linl, BEEHA I =<1 757 4 — (HPLO) REHEATSHZ LR L - CAKEDODFAAR
YU7 vERTRSBER L. ThUBDFAACETAHIRRERCThh, FORRE DWW TIXEKFlynn
and Butler (1986) Ik v £ LD HRTVBH, ThICH L THEFREEHEO 7 ¢ 7 B (DCAA) BT HHREI
ey, DCAAZRTIET HHRIT, MRS £ OFTAERSTHE LI DD, Th b ORLEERE T
OFERPEEE 125, LrIHEO7 1 VBB HARE T L, SKERERRLT 1 VBEEELTED,
BHBREE A BV TR LT 2 780 TR SH L ORIEIZ MR Shigu,

T CRETE, 7/ BN VA D@KFOBET $ /By 100ml BEORKTHET S HEC 2T
B ET 5 2 &, CORERNMEKDOT $ VBAFHEETHI L, SHRIhPEIEBECGET S
EEOWTHE L, 7ok, 7 3/ BITHPLC-OPA# (¥R LHPLC-=vie F) VED 2 00HETCHIEL
o, ATEBROBIFCOWTIRNS.

I—-1 AFTHERERREE

I—1—1 B%EE87 3 /8 (DFAA)
BEOMEYFig 1WRT. HPLCOG N 5 A DEH{LE Cled DR v 23k & LT, TEHR O BRI
L LERERASR THH10% ) 7 o o BRI & ARG EE Y BV, 3K 100me 2B & v 28,
A A g Dowex 50Wx 8 (100—200mesh, H*H) # 54 ($1.8X18em) ZFV CTHHE - BRI L.

Seawater 100md

10%TCA 100mJg

Filtration (Whatman GF/F)

Residue Dowex 50W X 8
Clean up

HPLC Analysis

Fig1 Flow diagram for the determination of DFAA from seawater
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I—1—-2 BHEE7 I/ DTAA)

BIEOEEYFig 27RT. Robertson® (1987) &, WAERFD 2 v A2 BEMKS#ETHHE, RFO
WEREOBE THERFOT 2 VBN ) OEIG THET N, RPBCFDT7 A aAEvVBENZL AT LD
73 BOSRECIENTEBZEEAREL TB. L ZTHLOFREHREVER 100ml 120.2% 7 A2/
EVEEY 1md 2k, Thie—-& ) —="ARr—2 -2 HCTHEZAL, PI00MERY A v BREES
LT, 6N HCITII0C, 24B:fIMASME L. ZhixDFAARKBRC A A+ variiiie s Fv i - BBl Uiz,

I—2 [ROVEREREE

ORI, BEREHET (B (DCAA) DL FRAERITS>ZEXENEL TV, HElO7 i VB
TEBE D HEREMT, POMERRECRET A RE LT, RABERLRE L.

BRA B, BFLE 1 —50nmOAFEY b ORMGBEC & v BN LT AR LK L BET 5 kL,
BEAEBL T AESEED S HEO 2EFABFEAVCORTVWA., Zo Tk, HHETHRSEEME LoD
B RARICIT 2 BRIEOFEREA L., EEOBRFL LT, Bk%Milipore HA7 4 4 & — T8 L A28k,
BASR e (7 2 v S 70202, B X CREFEREARESUHP-62) % B\ T, 1002 5 400me DK & EFHIMNE
F(0.7—3.8kg/cn®) TH 10ml % TEAHE LA, £0HI0mL OBRD KL ML, BUW 10me F TEMET5 B
w2EERDIE L. T OBET, SESTRORL S MHE,ORMGAB YAV 221 Hx OS5 TEY
FHORAMT : VBV NCEET A ENTES, ARBRR B WU, 7 § 2 vikoYC05, YM2, YMIO0, 3

Seawater 100mf
0.1% Ascorbic acid 1 m#

Vacuum evaporation (to dry up)

Hydrolysis
(6N HCI, 110°C, 24hrs)

I

Residue Liquid Phase

| |

Discard Dry up

adjustment of pH2.0~2.2

Dowex 50WX 8
Clean up

HPLC Analysis

Fig.2  Flow diagram for the determination of DTAA from seawater
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T OYMIOOD 4 EORAFGEE L Ao, IeBZhbOBOSES TRz ThEh, 5X10%, 10%, 10°, X0
%54 v Tehs. 0L 5 LTHEDEES RIS HEEY A BS54, 6N HCITII0T, 24K

L, ThaREZEL, 73 /By,

I—-3 73I/BRARESE

I—3—1 HPLC-OPA% (8%
7 BTN BRI, A A VEBHPLCRA Y A 5 AW EEERKER I e ST 4 — T

s B A5 47 (HPLC : LC-BA, Bulis: | BESHMICHEIIRF540, O t BErs w1y 7
CR3A) AL, ERIATELEE T 7. ¥, BEOPAETRRHINEZA WEIRTWAE T2 ) v,
VAF VIR EREEIBHTSD, 55 ARHBCKERRBRY ML CLRO T 2 /8% 60 CHEEL
T HOPA-RERFMELRA L. 5K, Fv ) v ORIEKE 2 HC NS85 b tOPAREF OSHILE
BELTHBEICAVWODRTVASB-AAAT =R ) —ARELTIN-T2F A Y AFA v (N-Ac-Cys) ZHW
fo. A LERIGKROME R Table IR$. ERLUNHE, RO 7 I VBBBSW Y AT A LAKTES . 7oB

AR OHPTCEE L TidpH%2.0—2. 2 98 U308 100 uf 4TI EE L7z,

OPAMIC X 07 < / BREHERWE S I USEDIERRAHC >\ Tl BRI s 7 b /5 AD—flk, Fig 3R

3. 7 I BOBRERKOERES L OHER Y Table 273T. OPAKRTIZ2AEO 7 § /BB LT 05 BY

BRTEH THWERT Lic.
>
]
8
2 The northern Pcific Ocean (A)
surface watexr
&
=

(I

<
2
o s
Standard (B)
< g
0 0 20 30 M 50 60 70 80
Retention Time , min.

Fig3 High performance liquid chromatograms of amino acids in seawater sample
(A) and standard solution (B) by fluorometric determination
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Table 1] Components of reagent solutions

Solution A Solution B
NaClO 0.5m¢ OPA 0.8¢
Na,CO, 20.4¢g 30%Brij—35 0.7m¢
H:BO, 6.82 N —Ac—Cys 1.0g
K.SO, 9.4g EtOH 14.0m¢
500m ¢ Na,CO, 20.4¢g
Hi:BO, 6.8¢g
KzSO4 9. 4 g
500m 4
Table 2 Concentration of individual amnio acids in standard
solution used for fluorometric determination
Amino acid Abbreviated name (u M)
Asparatic acid ASP ' 10.0
Threonine THR 10.0
Serine SER 10.0
Glutamic acid - GLU 10.0
Proline PRO 10.0
Glycine GLY 10.0
Alanine ALA 10.0
Cystine CYS 10.0
o — Aminobutyric acid a—ABA 10.0
Valin VAL 10.0
Methionine MET 10.0
Isoleucine ILE 10.0
Leucine LEU 10.0
Tyrosine TYR 10.0
Phenylalanine PHE 10.0
B — Aminoisobutyric acid B —ABA 10.0
B — Alanine B—ALA 10.0
7 — Aminobutyric acid GABA 10.0
Histidine HIS 10.0
Ornithine ORN 10.0
Lysine LYS 10.0
Ammonia NH, 10.0
Arginine ARG 10.0




I—3—2 HPLC-=>k kU i
7 3/ BOREIIBECKMANMAOEE 7 ¢ 7 B4 ETSYSTEM-6300E% % 7= EZWIISICA v AV 2 VY
#Hore<t a—F-112AOTHESREE T -7, WECFEESX, ko7 3 /VBEBHSHT (1 AV
) vATALRARTHS. RBRROSITCEL TiipH%2.0—2. 28 F LR 100 40 #oMicgi L.
=Ve FY VR LD, 73/ BEERER L OEEOBAKRIC > WIBbhic 7w~ 75 20— Fl%
Fig 4cR3. v 3 BOEEBFROEER X R4 Table 3RT. cD=ve FU vyETIZ30M

DT 2R I OFOH BRI THHERT L.

I—-3-3 HIFEE

ZaD7 3 ) BOER Lnmol % 5 AHPLCIZEAL, ZOMNEMRRELRDL. LOOPAKK X 518 %
Table 41z, = vk FVY VK X AR S Table 5i27R3. OPAMK L 2B EEEMEILY o v (5.4%) B
T, BT I/7BEDERUTOETHS. —F, =ve VI VR X SHENEEREER, sAKT &/ L7
TV (6.1%), BK (5.9%), a-7 I VBB 5.1%), vAZ IV (8.6%), BLOT V1Y v (5.3%) oL
TEVETH » B EDDOFFDCTIEE X TOETHS. a-7 I VBB, vAX I VBT vEeY vV
KDWTR, EEORBRRERRBRLUT ORE CH - L edER EEERR . Fie, ARE=E/ -7
I vV ERFC W TIEEORB A TR AT OREL, H5VRAEHIN TLHIFECHEETHIIER

ELOAdiieds.

The northern Pacific Ocean (A)
surface water

Asp
Gly
NH3

Ser

Glu

c
<
O
@
=
~
2
\\\/AJ\;RNV___—__#

Standard (B)

T—— _Thr

Asp
NH3

Orn

Pser
Hiys
- Mhis

Petnl 2y
Ohpro

Urea

Retention Time - min

Fig4 High performance liquid chromatograms of amino acids in seawater sample
(A) and standard solution (B) by ninhydrin method.
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EEOEARBDOFITERNT, TRTORBI 2V TG - 35 - KSR & OB L TOFHRETEERT
BB LTRIWED, BEOHH LA (FAD7 3/ BOHPLCIE AR A50—200pmol/ 10040 ) Ti[
— BB WCERE O ABETH B, KRR T, A—EKEeR L 2 F o548 kfT-7. £
D 2 E O 0 E LSBT 5 FHEZEZUB DT Th .

Table 3 Concentration of individual amino acids in standard
olution used for ninhydrin method

Amino acid Abbreviated name (e M)
Phosphoserine PSER 5.0
Taurine TAU 5.0
Phosphoethanolamine PETN 5.0
Urea UREA 150.0
Asparatic acid ASP 10.0
Hydroxy proline OHPRO 10.0
Threonine THR 10.0
Serine SER 10.0
Glutamic acid GLU 10.0
Sarcosine SARC 10.0

a — Aminoadipic acid a —AADP 2.4
Proline PRO 10.0
Glycine GLY 10.0
Alanine ALA 10.0
Citrulline CIT 2.4
a — Aminobutyric acid a —ABA 2.4
Valine VAL 10.0
Cystine CYS 5.0
Methionine MET 10.0
Cystathionine CYSTA 5.0
Isoleucine ILE 10.0
Leucine LEU 10.0
Tyrosine TYR 10.0
Phenylalanine PHE 10.0
B — Alanine B—ALA 10.0
B — Aminoisobutyric acid B —ABA 10.0
Homocystine HCYS 10.0
7 — Aminobutyric acid GABA 10.0
Ethanolamine ETN 10.0
Ammonia NH; 10.0
D—,L —allo—Hydroxylysine D,LAHLYS 10.0
Ornithine ORN 10.0
Lysine LYS 10.0

1 —Methylhistidine 1 —MHIS 10.0
Histidine HIS 10.0
3 —Methylhistidine 3 —MHIS 10.0
Anserine ANS 10.0
Carnosine CARN 10.0
Arginine ARG 10.0
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Table 4 Coefficient of variation in amino Table 5 Coefficient of variation in amino acids
acids analysis by fluorometric analysis by ninhydrine method
determination A CV. %
CV. % CV. % Phoser 1.0 Cysta 8.6

Asp 2.9 Leu 3.1 Taur 1.6 Ile 1.2
Thr 3.8 Nle 3.1 Phoeta 6.1 Leu 0.6
Ser 2.3 Tyr 3.7 Urea 5.9 Tyr 0.6
Glu 2.9 Phe 2.7 Hydpro 1.1 Phe 1.6
Pro 2.4 B8 —ABA 2.3 Thr 1.0 B—Ala 1.2
Gly 2.9 B —Ala 3.1 Ser 1.5 B—ABA 0.9
Ala 3.7 ry —ABA 3.5 Glu 0.8 Heys 0.6
Cys 2.7 His 3.1 Sarco 1.2 y —ABA 3.4
a —ABA 2.9 Orn 4.1 a —AADP1.6 Etn 0.9
Val 3.0 Lys 5.4 Pro 3.2 Orn 1.5
Met 2.9 Arg 2.7 Gly 2.0 Lys 0.9
Ile 4.7 (mran) (3.2) Ala 1.9 1 —Mhis 2.6
Cv: qufficient of variation calculated from iltfleA é? };ls—Mhis i(s)
five repeated runs Val 31 Ans 53
The volume of individual amino acid is Ca ’ ‘ ’
1 nmol ys 0.6 Carn 1.1
Met 2.2 Argn 1.5
(mean) (2.2)

C.V. . Coefficient of variation calculated
from five repeated runs.
The volume of individual amino acid is
1 nmol

1—-4 =% 3

AERTIZ, 7/ ENO VAL TCWAKECELRTST7 3 /8% 100ml BEDHNKTHPLC-OPAER & O
HPLC-= vt ¥V v AV CTHET A HEEOWTREL, BEIK S TE5FEYHITI LT
2. FORBEILUTOLSRCENTES.

A o RS BRTE IR & 0 100me BE QKR G - B - K Bx2 1T - LBEHPLCC X h B4 D
T3 VB R O - BRELEKER, BRI OW TR L3 2EM EDOSHTRITV, BREDOSH LA

(£ 42 D7 3 7 BOHPLCA~DEAfH50—200pmol/ 100 #4) TEHREL L URDRECB I LD RN TE
7z

OPARIEX VMR X 57 3 VB Tk, RIBERWEERTHS 7 e ) vORIEHKE ¥ N
2enhld, CREFOSHILENE LTEB LKAV OLRTWEB- AN AT =8 —VIZEZ TN-T £ F
A ATFA VERGEEES, Tr ) vOEARELIG AERNLETREDTH 7.

BRE2 v BBEOSERE L TBMEEERRAL, R kpES TREF S EEEHOBAEY AV
T, BDFRANCHEER v AR IEYEFO7 3 VBEYMETHHEE UTHILL, ZOFERER 2 v 7 WA
DFEREEHO P TEFHEP D LB LB P/RENRD.

EROFEEHNT, UTORHRET .



BIE BERILRTFHCRT 28BH 2 v R RWEORE S & L DXEE)

COETRERILAFERED 2BRSC BT LBHE2 VA BRYBOSBEHI MR L OLDHFREHD 2 v 7K
BB DIEFERBI DV CHRBRT 5.
EAEREDIBIOE IO R PR B RHEN E LIER BRI, AR E L CREENNEL, £9HED

HMICT BT L, ThOOYBEORERBLYHES T, LTI ROF EE DRSBTS LT
HETHS.

I-1 BHE&SIUHE
m—1-1 &E#
Bkt E UCRW AL BRI, 19854 4 3 19 R I B R AIRILKH-85-2k i ¥ e 3\~ CFig SR L
St. Bl (42°59'N, 150°14'E, A# :5010m) T, 19864 6 A 9 B i3 B BAKH-86-3% i¥gic 31~ TSt B2
(46°40'N, 162°02' B, A# @ 5630m) T=RAF VIRAREAC TR L. BRI ERE L e F 04
50°C T 3 BEMEILA L Bl EE U 72 Whatman GF/F 7 4 A2 —THB L, B BELOWARE Lz, tBHR
MU RPN, BESH & L THeCLA#910 Mz e B X 5 i LMl & CRIE CFE L.

I—1—2 HHFHE

DTAA, DFAARSE [ ZHiCh-~<F s CHM L.

¥, ABCEBRPOERIS L LTURERT 2 7B (PAA), BETBEBEHR (DON), BEERBER
(PON) # it Lic.

PAAIZ, DFAA, DTAASH OS2 B LB bhi 7 4 V& — RIS & 10ml 20k U RBEK
2%, #¥5me O6N HClE Mk, HI0pMERS A BEEEH L, 110°C T24BH, MK LIz, ks 8
#, Whatman GF/C7 4+ 2 — (25m ¢, 450°C T 3 BEREILA LRBAEER ) CIFI L, W E507C AT CHUE
BE%, TheBYURo7 s VBYFRONy 7 » ~REMEET IV BHC LIz,

138 140 150 160 170 180 E

......... T T T T T T T O T T T T YT Y T Y T T T TR T T

I

k

whk
[ 4

sof

Vs

-
®5

Figh Location of sampling stations in the western North Pacific Ocean



DONEBREE» V ¥ 2 X 2k (Parsons51984) ¥ X O'SUMIGRAPH N-200% A\~ 7o B At bk ©
EfrLic, Fio, BEEBBKFE - 2% (POC - PON) 11 HZ026BICHNTT RO W 2 6/ L CRABFER L.
ok, KiE, B ARBAKH-85-2¢% 3 & O'KH-86-3% i ¥ D Preliminary Report (1986) & % = 7=.

-2 # %

I—2—1 DFAA, DTAA, PAADSRE ST

PEEAL P D 2 B A BT 5K, B DHESTi%Fig 610, £7:5t. B1 R 2DFAADE S Fi%
Fig 7®R$. KEO0HH3000mE TT, DFAAIZ28—2440MOB % EH L, 200m E COEER T E% T
L, T5m CREFREDUIMTH o tz. ZODFAAD T 3 7 BRI >4 TitTable 6 KR Lz, S
DREFYVYY, €YY, 7F=V, TARGEVHTHY, ThEh1~T4nM, 6 —54nM, 4 —28nM, 4 —
20MOfE T, ThHIZEAERE TS LR ED TS, ¥, FHET I BOFuv Yy, 72347 5=
VERTT 3 VBOYAFVIIER IR ol e/ — FHICER L CARS & (Fig 8), 0—3000m T
W7 2 7 BOEERELEA8—58% EDTW5 ., {IiZigt: 7 3/ BH12—20%, KEbEE b2d D21 —
3% THY, WMET I VEBEBIOS I VBRTRUTTH -7, T, EREhiceDFAARADONTE 5%
5EE%Table TIFRT. CO7 3 /BODONK L HEAIL1.6—11.8% TF6.5% (n=7T7) TH5.

0/’0 00
33 3 Sal, % a3 3 Sal, %
T T T T 3 T T T
T
o s 0 5 i
o Ry R
T B1 B2
- I
E
S22 I
£-=
"
=]
3 L
- Sal i T Sal

Fig6 Vertical profiles of salinity and water temperature at St. Bl and B2
in the western North Pacific Ocean

St. B2ic i3 5DTAA, PAADRES % Fig. 91”3 . DTAARZ 0 m CRAMDTISNM T, FHUFETIZ
WL EDRBATHEAERLTE D, KEL000m T O mEDRH 1/ 20MEE 7. DTAAD T 3 7 BBEK
o TTable 81/RT. DTAAR BV TIPS WHDOIRER LTASB E 0 —4000m T, 7'V v vitll6—160
M, 75 3 VERES2—83InMOETH D, ThALRAEFCh » THAMER T U LEHDTHSE, Fic7
F = 1343—96nM, T AT F VERE31-980M, £ ) VIX24—-TiaMTIZ RS S HNERLE TI0NE L & 5
Tw5. —F, 87 $ VBRI B U TREBADT A -7, KK ZhEE 7V~ THCEBLTHS &
(Fig 10), 7 3 VA —F %, 0—4000m TL8—62% % DT % . Bk 7 ¢ 7 Bp2d19—23%, K
B b 200N T —18%, 4 I/ EE2-10%TH Y, HEMT I VBB IVFHFEET  VBEIVTRLTY

DFThs. ZhoDs/A—73I07 3/ BRARKK D CRNEMMCEE LB TITEDd bhicus.
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—H5PAAWE, 0m TRSEOSATMMT, 100mD200nME TREE
CHEAL, FRUBETIES L LLRBETFEITHERELRL,
4000m T 0 mFEDH 1 /10D & i »ic. T OPAADEHA OEI4
¥ X OEEIREIDTAAD TR I DK E V. PAAD T 3/ BEHLER
o T (Table 9), BAIC SV OKREB LTAHS & 0 —4000m
T/ Y v vH16—110nM, v x § vEIRIO—10InMTH H, Th
HIZEB b » THRERE TIO% U EE HD TV, ek )
Vi3 9 —55nM, TAARSHEVERLS —T7InM, 75 = ik 6 —97
nMTZh b b AHREBIE CL09EL ZbHTn5. —HaH7 ¢
JBRERTBE L CERHBRUT Cholc. ZhbiuIN—TFI
BEL TR E (Fig 10), ¥ 7 § 7 B2339—45%, M7 3 /8
2319—22%, KEEHEEY b oL DH12-16%, WM T 3/ BH12—
I5%THYH, HEEET I /BBIOT $ 7BICThE TEUTFT
otz PAAD A= G173 7 BB W TR TE RN IRIE
—ELTW5. DTAALPAADTEEDT 3 / BB % L L T
3¢ (Fig 1) 4AD7 3 2 BOMIITEE LEZXIRDOhicw
B, Z—THEHRTHD L (Fig. 10), DTAATHET 3 VBOE
EVPAARKRTAE L, AR T I /B, FEET ¢ VBOES
DUNE G, e, [EREH, REEOSt Bl ODFAAL HKNTHS

Km

Depth
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Vertical profile of dissolved
free amino acids in seawater
at St. Bl in the western North
Pacific Ocean
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Table 6 Concentrations of dissolved free amino acids in seawater at St.Bl in the

western North Pacific Ocean

10m 75m 200m 750m 1500m 2500m 3000m (M)

Asp 11.0 23.0 15.0 4.0 3.8 9.5 14.0
Thr 4.2 12.7 7.2 1.2 3.0 5.0 9.0
Ser 18.3 54.3 30.1 6.1 12.6 23.1 43.1
Glu 10.0 9.0 6.8 3.0 5.0 5.0 7.5
Pro 3.3 6.5 5.8 tr tr tr 7.0
Gly 37.5 74.0 30.8 1.3 12.3 20.3 42.5
Ala 12.3 27.5 13.3 4.3 7.0 10.3 19.0
Cys nd. nd nd. nd nd. nd. nd
Val 3.3 7.0 3.8 tr tr tr 7.8
Met nd nd nd n.d. nd nd. nd
lle 2.3 5.0 3.3 tr 1.8 2.8 5.3
Leu 4.3 6.5 4.0 tr 2.3 tr 5.8
Tyr tr tr tr tr tr tr tr

Phe tr tr tr tr tr tr tr

B —Ala 6.3 7.0 2.5 tr tr tr 3.0
y —ABA 3.8 4.5 6.8 6.5 3.5 7.3 3.5
His 1.0 7.2 3.5 1.2 tr 2.2 9.0
Orn tr. tr tr tr. tr tr. tr

Lys tr. tr tr tr. tr. tr tr

Arg tr. tr. tr. tr. tr. tr. tr.

Total 118 244 133 28 51 86 17

tr : trace nd : not detected
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Fig 8 Relative abundance of basic, neutral, hydroxy, acidic and imino groups in
dissolved free amino acids at St. Bl in the western North Pacific Ocean

Table 7 Concentrations of total dissolved free amino acids (DFAA) and the ratio
of DFAA—N_DON in St.Bl in the western North Pacific Ocean

Depth DFAA DON DFAA—N/DON
(m) (M) (rg—atN/4) %>
10 118 2.6 4.5
75 244 2.5 9.8
200 113 1.8 6.3
750 28 1.7 1.6
1500 51 1.2 4.3
2500 86 1.6 5.4
3000 177 1.5 % 11.8

The concentrations of dissolved organic nitrogen(DON)
were determined by wet oxidation method, except
* by dry combustion method (Sumigraph N—10)
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Fig.9 Vertical profiles of dissolved total amino acids and particulate amino acids
in seawater at St. B2 in the western North Pacific Ocean



Table 8 Concentration of dissolved total amino acids in seawater at St B2
in the western North Pacific Ocean

. 0m 75m 100m 1000m 2000m 3000m  4000m (nM)
Asp 98.0 53.1 56.2 47.7 40.8 31.2 41.7
Thr 41.1 22.5 28.2 23.1 13.0 10.5 12.6
Ser 69.3 42.1 74.3 46.5 40.3 24.2 44.3
Glu 83.3 55.4 61.1 59.6 78.2 57.7 52.7
Pro 26.3 12.8 24.9 24.5 12.7 471 15.1
Gly 159.8 157.5 139.6 116.4 117.2 138.3 128.3
Ala 82.9 65.5 87.0 45.8 96.1 53.4 43.7
Cys nd nd n.d nd nd. nd. nd.
Val 23.9 18.3 24.9 18.6 21.9 23.9 20.5
Met nd nd. nd. n.d. n.d nd. nd.
Ile 16.4 12.4 11.7 12.6 7.1 12.8 9.5
Leu 31.1 33.4 25.5 28.9 21.6 15.8 18.9
Tyr 5.2 6.0 6.0 5.3 0.8 4.5 tr.
Phe 11.5 7.2 7.5 6.9 2.6 6.7 4.3
B-Ala 67.6 31.3 tr 10.0 59.5 tr 5.7
r-ABA 33.2 tr tr tr tr tr tr.
His 9.7 4.2 6.0 5.7 2.4 8.9 5.2
Orn 17.9 15.2 16.9 18.1 1.0 11.0 10.2
Lys 19.2 16.4 17.2 15.8 5.6 13.3 12.4
Arg tr. tr. tr. tr. tr. tr. tr.
Total 796 553 587 485 520 459 425

tr. : trace n.d : not detected

Table 9 Concentration of particulate amino acids in seawater at St. B2
in the western North Pacific Ocean

10m T5m 100m 1000m 2000m 3000m  4000m (nM)

Asp 79.1 25.1 18.5 7.7 13.5 8.3 5.2
Thr 49.5 17.6 11.0 5.0 7.2 4.2 3.8
Ser 54.8 18.5 17.3 11.5 23.5 12.3 9.1
Glu 100.6 32.7 12.8 24.3 14.1 8.7 9.9
Pro 31.2 11.9 5.6 3.0 4.4 2.8 1.9
Gly 109.1 35.0 31.3 16.9 36.8 23.4 15.7
Ala 97.0 26.6 17.4 7.0 10.8 6.3 6.2
Cys nd. nd nd nd nd. n.d. nd
Val 56.2 19.0 11.1 4.8 6.7 4.7 3.2
Met nd n.d. nd. n.d. nd nd nd
lle 33.6 12.2 8.0 3.3 5.0 3.6 4.2
Leu 62.0 21.0 14.3 6.1 10.2 7.6 6.6
Tyr 16.7 6.0 5.2 2.2 3.9 3.4 3.1
Phe 30.1 9.7 6.7 2.7 4.7 3.3 2.6

B-Ala 8.9 tr tr tr tr. tr tr

7 -ABA tr. tr tr. tr. tr tr tr
His 17.5 7.4 6.0 4.6 5.9 3.8 1.2
Orn 3.9 0.5 2.3 2.6 3.9 1.5 1.5
Lys 56.2 18.0 12.1 3.1 5.2 4.6 3.3
Arg 40.5 13.0 9.5 4.3 6.5 4.9 3.2

Total 847 274 200 98 173 109 81

tr. : trace n.d. : not detected
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£DTAADDONK 5% 5 %4 (DTAA—N/DON) # X 0'4PAADPONK 535 %4 (PAA—N/PON) %
Table 101273, DTAA—N/DONAH 04 54000m % T T12—33% TH D FHIXITY (n=1T) THB. =D
ExEEmE LTERB»SHE (0 —1000m) whidTE< (F1H22%, n=4), TAUETELS —EDOE
(12%) ®E->TWb. ZOMEEFARY, RBEOSt Bl i TE5>h7-DFAA—N/DOND{E (F#56.5%)
FHA~B &, DTAA—N/DONDER & DEDH2 6D TH 5. —FPAA—N/PONIZAKHE 0 2 54000m ¥ ©
Tw—-9T%TH Y, FHINK (n=T7) Th5.

M—2—2 BHEI-NIEHDEOHFENHEEDT I /EER

3REORAEHEIIYM 2, YMI0, YMI00 (S5 FREEhER10], 104, 10°) %AV THIE I h St
B2 BT ABHEE VA2 WEOREN S FESfixFig 1207T. YM 2B X 0 BAEESEME S R il
HO7 BT, BB GKEO, 75, 100m) T200nMEL EOERYR L, FH224nMTH 5. FhIE TR
3000mfEAME (144nM) ERONES & & QAT HHEATH D, 4000m TIXEIME (85nM) iz -7z,
YMIOBEIZ & % Ei43131000m CTHEATE D 136nM, KFE4000m TH/AMESInM & 7252, 3REEORABEBEI X 5
5 O ek TEOEBIRE—FPE . YMI00EIT X 5 B4 12K % 0 m D 28nMas 5 KFE3000m D 112nM ¥ T
REELLETHMTAERERL TS,
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Fig.10 Relative abundance of basic, neutral, hydroxy, acidic, iminc and

aromatic groups in particulate amino acids (PAA) and dissolved
free amino acids (DFAA) at St. B2 in the western North Pacific

Ocean.
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particulate amino acids (PAA) at St. B2 in the western North Pacific Ocean.



Table 10 Concentrations of dissolved and particulate total amino acids and their proportion to
dissolved and particulate organic nitrogen at St. B2 in the western North Pacific Ocean

Depth DON DTAA PON PAA DTAA-N/DON PAA-N/PON
(m) (pgat N/4) (aM) (re/8) (M) % %
0 4.2 806 16.2 847 19 73
75 1.7 553 5.6 274 33 69
100 3.9 587 2.9 200 15 97
1000 2.6 485 2.4 97 19 57
2000 4.5 526 2.6 173 12 93
3000 4.0 459 2.0 109 12 76
4000 3.5 425 4.3 81 12 26
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Fig.12 Vertical profiles of dissolved combined amino acids having molecular
weight larger than 10%, 10% and 10° in seawater at St. B2 in the western
North Pacific Ocean.

Bk, 3EEOBSEGERNC XV BbA% 3O0FS, BHTRICHE, 100 E, 10°L FO&BSDEL
BRI X 0BSRAES Y FREFhLow Molecular Weight fraction (L. M W —frac: Mr 10°—10Y, Medium
Molecular Weight fraction (M. M. W.~frac.: Mr 104—105),High Molecular Weight fraction (H. M. W. —frac:
Mr 1% L) &L, FREROESDED HHNE A2 ERT 5 LFig 130X 51785, L M. W. ~frac O%E
BEEPSEIE LIS TS, —FH, H M W -frac 3PS L L HINTIERCH D, Fio, TOXE
BOSFIHHOEEN S, KGO, 755 XL UF100mERE, 1000mz+E, ThURYEFE LTEELTAS L
Table 11D X 31cic s, B, BETIIL M W -frac 28, FETIEM M W. -fracd, % L THEE TIXH
M. W. Sfrac. DE[EH—FAE LB, L M W. ~frac DEHIHRE, v LOCEBTEhETH49.3, 3115
FU16.1%TH D, BETREROH 1/3BECHS TS, —F4, H M W -frac OEIGIERE, FER IR
JBTrhEhnl9.3, 15,581 0V66.0%THH, B TRREORK IMHETHML TS,
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BREHTEDT 3 VBEBCOWTHRTHRSE, L M W, —frac. T (Table 12), T H L DY v
V, T2V BIOTAASEVETERER 1 —330M, 6 —20nM, 0 —2InMOETH H, ThHiNTELE
THANERLETION A LR EDD. —FHEH7 § 7BRATBnTOZER I, 7A-THeRTas e (Fig
14), h¥E7 3 7 ERE35—T0%, EEMET ¥/ ERIZ3000m ©0.2% &N EWETH 58 Z WS OfE T14—-26% D
FTHB. KEp#ky &0 70— 7123000m T2.6% & NI METH B, ThUADOETII-21%, © L CHEENE
73T, 3000m TIT.2% THABIHUNDE TCL-1TRTHD. FLFHFKRT I VBIILBTIKUT,
1I7BIBRUTTCHS.

..

100%

, Km

Depth

4

Fig13 Relative abundance of the fractions of low molecular weight (L),
medium molecular weight (M) and high molecular weight (H) of
dissolved proteinaceous substances in seawater at St. B2 in the
western North Pacific Ocean.

Table 11 Relative abundance of the fractions of low molecular weight fraction (L),
medium molecular weight fraction (M), and high molecular weight
fraction (H), of dissolved proteinaceous substances in seawater at St. B2
in the western North Pacific Ocean

Depth LMW -fr. MM.W.-fr HMW r
(m) (% 6 &9
0 57.3 29.9 12.8
75 37.3 37.9 24.8
100 53.3 26.3 20.4
(49.3) (31.4) (19.3)
1000 31.1 53.3 15.5
2000 20.4 23.1 56.5
3000 13.5 15.9 70.6
4000 14.3 14.6 71.0

(16.1) (17.9) ( 66.0)
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M. M W. -frac TiZ (Table 13), Vv v, 75=v, TARASE VBB IOV I VEBBHBHKEE L,
FRER0—13nMOETH D, HRERLETRRIELE TI%E 25D 5. FAr—7jlckxb e (Fig 14),
T 3 ENT12—39%, BWT $ JEEANI3—41%, KEEE 0 02N 4—46%, BENT I B9 12-39%
THY, FEET I /BBIOCT I VEBBIEBTIXNUTTHS.

)

Table 12 Concentration of amino acids in low molecular weight fraction
at St. B2 in the western North Pacific Ocean

0m 75m 100m 1000m 2000m 3000m  4000m (nM)
Asp 14.6 15.8 21.5 8.6 3.6 0 2.0
Thr 13.0 3.0 10.5 3.5 1.9 0.6 1.8
Ser 13.0 5.5 10.6 5.7 0.6 0 0
Glu 17.3 5.4 12.1 6.0 0.3 0.1 0
Pro 3.9 1.2 3.8 2.9 0 1.3 0
Gly 28.6 17.9 32.9 15.7 10.5 2.7 0.9
Ala 19.5 6.7 19.4 7.9 3.8 2.8 8.7
Cys nd nd n.d n.d nd nd nd.
Val 2.4 1.7 5.9 3.2 0 3.3 0.1
Met n.d nd nd nd nd. nd nd.
Ile 2.2 0.7 1.5 0.6 0 0.9 0
Leu 2.7 0.7 5.6 2.5 0 0 0
Tyr 0.4 1.3 0.6 0 0 1.3 0.2
Phe 2.1 3.5 2.2 0 0 0.7 01
B-Ala tr. tr 1.4 tr tr. tr tr.
7 -ABA 1.0 tr. tr tr 0.5 tr tr.
His 0.6 0 0 0 1.2 2.0 0.2
Orn 0 5.7 0 0 0 4.6 0
Lys 2.1 4.4 5.8 4.4 0 0.7 0
Arg 2.1 2.9 2.8 0.9 0 0.7 0.6
Total 126 76 137 62 22 22 14

tr. : trace nd : not detected

Table 13 Concentration of amino acids in medium molecular weight fraction
at St B2 in the western North Pacific Ocean

0m 75m 100m 1000m 2000m 3000m  4000m (nM)
Asp 7.5 1.2 7.9 10.7 3.5 7.3 2.4
Thr 3.8 6.8 6.1 6.0 0.7 2.3 1.9
Ser 8.6 10.5 9.9 13.3 2.9 2.6 4.9
Glu 6.1 9.5 9.0 13.3 1.7 3.1 0
Pro 1.2 6.0 0 4.2 0 1.1 0
Gly 9.6 9.1 9.5 12.9 3.1 0 1.1
Ala 5.2 8.4 8.0 7.8 1.8 3.1 0
Cys nd n.d. nd. nd. nd nd nd.
Val 3.0 5.4 1.6 5.9 0 0 0.5
Met nd nd. nd nd. nd nd. nd
lle 1.7 2.9 2.0 2.2 0.6 0.7 0.3
Leu 3.1 5.0 2.1 5.6 0.2 1.9 0
Tyr 0.6 1.8 0.2 5.9 0 0 0.5
Phe 2.0 1.4 1.5 3.2 1.0 0.3 0.6
B-Ala tr tr tr. tr tr. tr. tr
7-ABA tr tr tr tr tr. tr. tr.
His 3.0 1.8 3.2 5.1 3.9 0 0.6
Orn 3.0 2.4 1.5 0.4 1.1 0 1.7
Lys 3.8 3.8 33 4.3 4.6 1.6 0.4
Arg 3.3 4.2 1.8 5.3 0.4 1.4 0
Total 66 80 68 106 26 25 15

tr. : trace nd. : not detected




Table 14 Concentration of amino acids in high molecular weight fraction
at St. B2 in the western North Pacific Ocean

0m 75m 100m 1000m 2000m 3000m  4000m (nM)
Asp 2.6 4.5 4.9 3.6 5.1 8.2 6.8
Thr 1.8 3.4 3.3 2.0 4.1 6.3 3.7
Ser 5.2 8.3 8.3 6.0 9.2 15.1 11.2
Glu 1.9 5.6 4.7 3.6 6.5 12.8 9.6
Pro 1.2 3.3 3.2 0.1 3.1 4.7 1.5
Gly 1.7 4.9 6.3 4.2 6.4 15.3 10.4
Ala 1.3 2.6 3.2 1.0 3.0 5.3 4.9
Cys 0.6 1.6 1.0 nd. 1.4 5.9 nd.
Val 32.0 3.3 2.6 1.7 4.6 8.5 3.4
Met nd. nd n.d n.d. nd nd: nd.
Ile 0.4 1.0 0.8 0.5 1.4 2.7 1.7
Leu 0.8 2.5 2.2 0.9 3.2 6.2 3.9
Tyr 0.5 1.0 1.1 0.7 1.7 3.1 1.4
Phe 0.9 1.9 1.5 1.1 1.8 3.0 2.2
B-Ala tr tr. tr tr tr. tr. tr
r-ABA tr tr tr. tr tr. tr. tr
His 2.8 2.3 3.4 1.5 3.4 3.9 1.6
Orn 1.1 0.7 1.0 1.1 0.8 1.4 2.4
Lys 1.8 2.2 2.0 1.4 2.3 3.6 3.0
Arg 1.6 3.4 3.2 1.8 4.0 5.7 3.7
Total 28 53 53 31 62 112 71

tr : trace nd : not detected

¥72, H M W -frac Cik (Table 14) ®V v, 7ANTFEVE, 7123 vEEBLOZ) v viBHCIES
{, FhER2—-150MOETH Y, HNERLTIONEL LD TWE, FA—FHR iS5 & (Fig 14),
7 3 ERH22—34%, BT I BAN6—-23%, KEEHKE L OLDORI9-26%, HWIMT I BRH13—-26%
ThY, FBEET L 7BBIO1 $ 7BZ6XUATTHS.

L EDZSESEDWTDZA—7HOT § 7 BARE TR ThOREF M CREELEIRD bhis A,
KES OB TLEhEE 7 3 BB oW TIX 0 —4000m TL. M W, —frac 28¥#551%, M M. W. -frac.#328% , H
M W. —frac. #329% & £ DEIEIIRIc - T B . ¥lKkBEY DA VA=V, £V ViZL. M. W. ~frac. TF¥#H
13%, M. M. W. ~fracT23%, H M. W. —frac. T22% &, FDHEEGIEDFH TS\,

FROLHE, BES VA IRWBERHENCFOLT ¥/ BERCEEETELIRD ORI WD, LD
FRAMIBE P RIL->TEY, FOKFFRES ZMKT ST 7 BERIIRIL>TH5%.

ChETCHTRINCERINE VAR BHRT 7 BORE R I ORI DU TR HPLC T 4 B
Shice—7Piiz2, 3DFFVATHERT I/ BABS. L Ob, EERRSELTRAL=FY, 7
73V EBBBETF LR, A= F U RERTAE, BAMRKER LA T I VB TR, ORI IARMSE
iz HFRANCBETHEDE, L MW ~fracT2RE, MM W. ~frac T5%, H M. W. ~frac. T8 B L &@oH T
B THLFEELTVD. ZOBBENLHET D LERKFOBRFEL v 7 FERIIERAD 2 v 7 CREE
ROV FEF VAR IT I JBOAN=F v EEH LTSNS S.
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Fig.14 Relative abundance of basic, neutral, hydroxy, acidic, sulfur, imino and aromatic groups
in low molecular weight fraction (L), medium molecular weight fraction (M), and high
molecular weight fraction (H) in seawater at St B2 in the western North Pacific Ocean
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I—3—1 DFAA, DTAA, PAADOIHENH LIBHEE

BEDONEER TODFAADRIEME S B5 &, Pocklington (1971) 3k kP& CT47—393nM, Lee and Bada
(1975) BRI ARFHEDOHIBE T T20—110nM, &K - 24 (1983) 1ZPEIPILAFEEETI6T—250nM, % L THKHA
(1973) RFEPILRFETR—1T8nMEFE L T5B. ThHORERE L ARBROME (28—244nM) 12I21E—
BLTW3,
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SERIE I ADFAARDONIZ 55 5 %41 (Table 7), 2 —12%D®WHETH D, F¥6.5% (n=17) BE
3 Eigys. ZOfER, Pocklington (1971) ML AFEEBAKCDVWTHEE L TCHBED LY (FRA7ahk) ik
BRI CEE > TwD, ZORBRBRMIERERBE LB b0 LH L5 L, B 31 2DFAADDONI &
DEEHEIBERBURPESBETHLEELLND.

DTAAK DWW T HBEDHEE COMEME A TAhDE, Lee and Bada (1975) 1A FEREAREA5E TI0—480
nM, &K - i (1983) 1ZFERILAFFET416—1500nM, % L TKawahara and Maita (1971), M (1973) VX
PR (AR, BB, BT 1) T0-T6MMEHE L TWB, ThHDOIRERHE L AKR
DfE (425—806nM) & IZiZFE—F L T\ 5. ‘

DTAADDONIZ (5% 5 &4, 12—33% DR TH HFEH1IT% (n=7) TH5. —F, PAA—N/PONiZK
P07 54000m ¥ CC26—T3%DEEATH H, FH0% (n=7) &ED5. ThOHORKRIL, BEBRERR
BEEDBIEHET VBB IO VR BYEOEIEHNE L, TALUNORAEOSEFARLEYIEIE
FTHZEERBELTGA, St B2IRET % 0554000m ¥ TORKERO BB ENRMEST X b, DTAA,
DON, PAA, PONORFHE LB L, Table 15CR Lz, #0#REDTAA : PAA=3.6: 1, DON : PON=
18: 1 &7en. —fc, ADPOBEERYIRBEETEY OWIEREEET S (Cauwet 1981) L EbRTW5.
CHIRFRBEC L > TRABOhIETH LY, EEOHBETRERBB TI8: 1 &b, REBBIVIH2
EREBEWEDOHPREVERE . —0, 2 Vv EWBOEE  BEOLIZI.6THHBR L V2
BB OFLER AR,

Tablel5 The standing stocks of DTAA, PAA, DON and PON at st. B2
in the western North Pacific Ocean

DTAA PAA DON PON
(g/m» (g/m? (g/m? (g/m?
0 ~4000m 27.8 7.71 207 11.3

M—3—2 BEZLNVEDHODFEAFEETDT I /BEEMRICHET 28

BIEE VAR IRYBE O FREBRENMCIOOES (L M. W —frac, M. M. W. ~frac., H M W. -frac)
v, FOMBEZE(LERAE, EBTRL M W -frac.?d, FETIEM M. W. ~frac.28, £ L TEHRE CZH
M W. ~frac DEIEBR—~FRES oo T B, B, BFEE V7 RYPHRIEERD DB AT T O EIRR
DT HER, HFRSHBTIES THEOHENEGRREL /LS. WRPAFET 2 EEMIE OILEIEH O
ERIG X DB ARG FEHRTH EIRTV5. Ff, Willams® (1969) 2B H V7 ¢ /b= 7D KEF1900
mOBEKIC DN T B BIR TR OB R ORE s U RRY DFlY Bt of. TORBIC LS L, B
BOBHEABY OEBITIBM00E LV SR HNSDOTH Y, ThODHEWIESMED L O, DREE
BELDTR LD LIHTHS S LTS, BEERYS, BROLOR, FHAHV&ThiE, KERO
B Z v 7 BRI L A DBRIEREZY, SR LBEOBRYRE T, Bo TEEBIE
BERTHBEELLRD.

FEHSDT 3/ BEROECEETSE, KBEY I DA LVA=Y, ) ik, TOHANEH FHES TS
\». Heckey®n (197%) %, 7 A FIROMBALRY L MRED 7 3 /V BOEIERLYLELCW5. TogRIC X
B ERNBYLT A NS EVER, FNE I VEDSOOBNE T I JBICER, —F, fiRBCiEeY v, A
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Fig.15 Hypothetical arrengement of organic layers in the diatom cell wall
(cited from Hecky et al. 1973)

Table 16 Concentration of dissolved combined amino acids at St. B2
in the western North Pacific Ocean

Om 75m 100m 1000m  2000m 3000m 4000m (nM)

Asp 24.7 21.4 34.2 22.9 12.2 14.1 11.1
Thr 18.6 13.2 19.9 11.4 6.7 9.2 7.4
Ser 26.8 24.2 28.7 24.9 12.6 17.5 9.3
Glu 25.3 20.4 25.7 22.8 8.5 15.9 8.5
Pro 6.3 10.4 5.7 7.2 0.5 7.1 tr.
Gly 39.9 31.9 48.6 32.7 19.9 17.5 12.4
Ala 26.0 17.7 30.5 16.6 8.5 11.1 13.5
Cys n.d. nd. nd nd nd n.d. nd.
Val 7.4 10.3 10.1 10.7 3.7 9.4 4.0
Met nd n.d nd. nd. nd nd n.d
Ile 4.2 4.5 4.3 3.2 1.2 4.2 1.5
Leu 6.5 8.1 9.8 8.9 1.6 8.0 2.8
Tyr 1.5 4.0 1.8 2.0 1.0 2.4 2.1
Phe 4.9 6.8 5.1 4.3 2.3 4.0 2.9
B-Ala tr. tr. tr tr tr tr tr

y -ABA 1.0 tr. tr tr 0.5 0.7 tr
His 6.4 1.4 6.5 5.7 8.4 3.9 2.3
Orn 1.1 8.8 1.7 1.5 1.2 5.8 0.7
Lys 7.7 10.4 11.0 10.1 4.6 5.9 3.2
Arg 7.0 10.5 7.8 7.9 3.1 7.8 3.3
Total 215 206 253 193 97 145 85
tr. . trace nd. ! not detected

L= VvRIDIY S VUREL, TARTSEVERE F VR 3 VERBRATR. T ORRIIESE, Fig 150X 57
4 BB L MO = F ARRE L, —7F, KE (1985) ARSI KFORRT ¢ /7 BESHTL, 7
Yoy, v ) VIREREELEBINT AL, SAEIVER, TAASEF VBIBRENE —EOEEERT L
LR VIRNTB IR I VEE, TARSEVE, Y v WUTEREFAG/Glyt, Asp/Glykt,
Ser/Glytt & #850) % & % &, Glu/Glytt, Asp/GlyluidEE & & B L, Ser/Glylbit iz EF—E DL & » T
WBT EEFRLE. FOT, MBS TOHRE LR, ZH12St B2kl APAAELDCAA (Table 9, 16) &
DNTTARGEVER, £V v, FAFIVEE, 7YY v ORMERL (%) % X0, Asp/Glytk, Ser/Glylt,
Glu/GlytticovsT#gt L7, Fig 16, Fig 1TRT L 512, TDSt. B2 DPAAR DWW Z Y ¥, 1 Vid
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Fig.16  Vertical profiles of relative mole percent of aspartic acid, serine, glutamic acid and
glycine in particulate amino acids (PAA) and dissolved combined amino acids (DCAA) in
seawater at St B2 in the western North Pacific Ocean.
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Fig.17 Vertical profiles of the ratio of Asp/Gly, Ser/Gly and Glu/Gly in particulate amino acids
(PAA) and dissolved amino acids (DCAA) in seawater at St B2 in the western North

Pacific Ocean.

EILLLHMOERRD D, i3I VER, TARGTFE VEITI—EDEEc->TW5. F#Glu/Gly, Asp/
GIYiIZBEE & L AL, Ser/Glyli L Tk v, HEBTORAORE L BEAROERE -7, 205
FierbT A ARERBBE L, 2V v 2 ) v Vidsr A BOMBEOFERIh TS blBRES L b
LAY X HBIBCHL, X 0EHEND Y, NTFORMETFCET 20 @EAY RPN TERCETLOT
BARVAEHBERD, L LBEYCOCTET ARSEVEE, ) v, Ak vER, 7Y~ vORSER
HOSES e —EOBEIZED bR T, Glu/Gly, Ser/Gly, Asp/GlyDfEIZ2>UTHPAAD X 5 IefHId R0
Shlew. BEHEBELTE, FO4BE CEHEROBBIVBREBDICENTEETH S D, BEYWO X 51Tl
BOBLPEBLRh I WEEXLDRD.

BRD X5 CBFEE v I WBEOSFRSTHEL LB CESFOUERSELR-TE D, BHEFOL
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DEELDERIEHHOBB LD THEEELD L, At=ay, v ) vORNEEHES FH TE L
B EV SR, KEPEHL TOD L SKHEHEPICOVTE, v A ROBVEHL, tOHBEEOEEM
B7 I/ BOAVA=Y, 2 ) VBIOZ ) Y YRESFTFOEE, ABRRREFEL TP LWHaEERELS
ho.

BABEEC X 57 § VBSH TR, WThOoBRIKb A L= ViR Shis, A3 vdT7AF=vO
Wr7r =24k, b7 A2 viFhosfc 2O —NHEO 5 b0 L DD -NHERER THELSIEL vty
7 3 VBTHH, Degens (1970), Iitekkot s (1984) IRkMF DAV =F v OFELEINEY T 5 v 2 + vHl
RDGBPIEE>T B EHRTHMRTHLEL, TOREYEELE LTHRAD 2 v 2 BEIZATF K
DEEINIKERAN=F VRERTHEEZELONTER., TRkES (1973) RBEFORFED L RITAE I
Lo THREDTAF= v bER L LDONERODTHLEREL TR, TAF= VRSB EN I
Na2FYBERLTLBEDERIDRD. 7 3/ BOVOBROMKIRIsEDRIEE, TAF=vhbAr=
FYBERLRAREESBRIR T, SEORER L VIRFL V2 RWERRR, £ OMBRSTHSRA ¥
NIeAN=F VHFEL T ZEBPLNCIR sz, FD L 51, KEW TIREEIMYTER - THFEL v~
RIBWBIESFELTWS, TORERBYHEL AT, YM2BIC X b I hicEy (&Re7 s /B
EXOND) FOTAF=vEFA N2 F Y OREE(LEA L =F /T AE= v (BATFOm/Arght L B850 %
Fig. 18R L. A= OREIRTSE3000m T50MT, FRUADE TR 2nMUFOETH S, Om/
ArgHi23000m TEVME (0.74) 2R3, KEREE L CT—EOEAXRL TR, ZORRTIE, Fr=F
VORBFREBER VA EYEFROT i JBO—FBTAF = VORRRDDZ LI TER. FEEs v 28
FOT NF = v REOREI IS > T B TR IS ORENLELOER & BWEAISHBTE TS
(Fig. 18) 28, T OE(LOFHMICERA T /oicd, SERAYETHHETHS.
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Fig.18 Vertical distribution of the concentration of arginine and ornithine and the ratio of Orn/Arg.



BVE RERCRBTAHFEL VAIBYWEEFODFESA

TORTR, BERE U TEGE - MAEY & 0D, DREKFOBE 2 v Ry RYBEOFERBEOWLT
T,
HABIRERKEBEERKOBELZTCED, B 2E, BERCIASONEKDHALRLS. *
OFE, Thi¥ CBREAL TWiKRSOBARANEL D, SICE ERXTRIANEKRE OSTELEE » TERD
KT Z O BHEPCRETERL, BEEFOKM LS. FEHS (1980 BRABCH W CBRFOBEEEEY
DEREEBOVCTHER, FOEEIEY T 5 v 27 b vOEHEBECEb> TWAZ R BENC L, XX
EBWTIE, £OMYT 7V 7 + vORBBHMERCLDEFE I NV — 3 v IBOERBKROBEE 2 v 7 BB 04
FROMCERELST, FFRANO7 3/ BRE, &5 TRESOER7 ¢ 7 BEBEEH L, i, o
L5 REN B e 2 EEORAEAKC OV THARCHN L, REBMCSTAEHEL vy BWBEOSH
FROMOPENCEBEHALPICTDH L xRAT. TOREENLIRT 3 /BOEEBEYES L TREETH
BEEZXLRD. 188, TOBTE Y DT HHEABOHEMEIEC DV TTRE (198D I, */LPmHEEne
DUWTIEKRE - A (1985) Wi hELDHATWS.
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N—1—-2 HFEHE
£Z[BT 3 BROSFILE 1 BRI HE T olke. ¥, 7w r7 40 a (Chia) BEEHLEHLEHRE
-540% AV TG EE (Parsons® 1984) T, EE=RER OIN) 2, 77 =2 vA -1 T7FF1¥-1T2RWT
BIE Lic. 73, BEEEE (DO) BWinklertkiz X v, KiBiXF v vEBEKEC L b2 bhlciEEREENC LD
WEL.

V-2 #®# &

N—2—1 MWEXE -FEEFIL—IL5HPOERBKOBESR - NIEDE

19865F 4 A17H £ 198748 3 A 11 B BB I h mRBAK 2 T 3 EEOBAMBEYC5, YMI0, ¥ XV
YMIOOZ VT, B FRNCT 3V BEYHIE L. YCOSHE & v BAMBEMIh7 ¢ /BE (Mr: 5 X
1%L L) 12, ZOHBEHFENSGEREET I VBRELELHZENTES. I-2— 2 LA, 3O0HES
(Mr. © 5 x102—10%, Mr. : 10°=10%, Mr 1 10°L L) @7 ¢ /@E%EH L, Table ITKR L.

Table 17 Amino acids contents and relative abundance of each
molecular weight fraction at St. 30 in Funka Bay

Molecular weight Amino acids(nM) (%)

500~ 10,000 395 57

April 1986 10,000~100, 000 73 10
100,000~ 231 33

500~ 10,000 700 80

March 1987 10,000~100, 000 56 6
100,000~ 116 14

SIODREE D, SFENS5 X1P-10'DES D7 BRI, FhFR395nMEs L 0683nM T 3 DD E S
RTRbE. CRbIE, SEATT BIEOST%E L US0% K ED TS, —F, HFEAN0I-10°0E S D
7 3 BIET3IIME X UB6aM T A D, FRERSRKAT T 1 JBED10%, 6%ELHD TS, TleyFRN
1%L, LS 7 2 2 B, 231nM, 116nMTAH D, £/REH7 3 VBEOBE B L OIAXEED T2,

(:‘ o

3 )

204 a 3 anL b

5 =

-3 (X

:‘,0”3 % 30}

'gl! 2 _E_ 20}

E 0.1 a 10}
0l T T T —— 0t T T T Y
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Fig20 Temporal changes in chlorophyll a standing stock (a) and abundance of diatom(b) within
the water column (0-30m, open circles ; 0-74m, closed circles), (cited from Odate 1989)
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KESO 7 $ BB Table 18, Table I9RT. £Ffns 5 X 10°— 10" D@ 3\ Tid, 19864 4 § DR
B, HERERLETIONEULEE EDTUBEDIEVAF YV, TARNSFVEE, BIOT75=vThh, Th¥
RIR6], 528 L O0ATIMTH » 7z, 19874 3 B OB CIAANERIE CIO% L EX HH T 5501, 75 =
v, 70y, BIOYAFVYTHY, TRERIEIINS, BELIOT20MTH -7, DX 3L, HeDdDED
LORPHZ I TH v AF vERNEL (15%, 10%), ZOESOXEBRT § /B Lico To5 OREGHEM

(Fig 21) Thotr, vAFVORK - ERIMAYCOSPIC L vi8bhics v< } 75 A0—H%Fig 22105
3.

7t¥, Fig IR LI A AFF =2 v =237 — ) VIRRDORER CE b o, ZRIZSHD
BEOBIC A F 4= vORBtYN TERidEELLRS. 77—V VIZ7RERLCFHACI D A FA =V EE
BEHETB L AF4= vONRBERLIEN T %wiss. Table 12, Table 1310t 2 F4 = VRO IR L TR
L7z,

SFEHI0—10DEH 3T, 19864 4 H TR L TN U LR ED B LD, 2V v, 7 A
SEVEE, AVA=VvBIVNTx=ATS=2vTHY, ThERIEI2L, 14, 1B X0 InMTH 7. 19874 3
H R ERLTI0% U EED B 5D T7F=v, ZA% 3 VEBTHD, FRERIIBIOEnMTH -7,

HFRA10°LLE DB I TE, 19864F 4 A TRASHERL TN EED B0, €V v, FAx sy
B, 7V VRBIVTARSEVBTHY, FRENIERS), 39, 36, 365 X 024aMTHB. ¥z, 1987 3 A
THLREGE, AHEEECIO% U LR EDA DR v, YV vy, TANSEVEBBIO I/ VL I VEBETH
D, FRERIEX22, 22, 1TEICIMTH - .

Table 18 Concentration of amino acids in total Table 19 Concentration of amino acids in total
fraction (T), low molecular weight fraction fraction (T), low molecular weight fraction
(L), medium molecular weight fraction (M), (L), medium molecular weight fraction (M),
high molecular weight fraction (H) at high molecular weight {raction (H) at
surface seawater at St.30 in Funka Bay (17 surface seawater at St.30 in Funka Bay (11
April 1986) March 1987)

T L M H (nM) T L M H (nM)

Asp 90.0 51.7 14.0 24.3 Asp 85.5 62.7 5.5 17.3

Thr 57.0 30.5 11.2 15.3 Thr 55.8 42.8 5.0 8.0

Ser 74.2 14.5 20.5 39.2 Ser 91.2 64.2 5.5 21.5

Glu 59.0 22.2 0.8 36.0 Glu 32.5 9.2 8.3 15.0

Pro 19.4 10.0 0 10.6 Pro 46.6 45.0 1.6 0

Gly 76.4 33.8 6.5 36.1 Gly 126.4 99.8 5.2 21.4

Ala 71.3 47.0 6.0 18.3 Ala 122.8 108.0 10.5 4.3

Cys 61.0 61.0 nd nd. Cys 71.5 71.5 nd nd.

Val 38.3 25.5 1.8 11.0 Val 52.3 44.5 2.5 5.3

Ile 25.3 19.0 0 6.5 lle 30.8 27.0 2.3 1.5

Leu 46.1 34.5 0 12.6 Leu 54.1 45.2 3.8 5.1

Tyr 29.5 29.0 0 0 Tyr 16.5 16.5 tr. tr.

Phe 19.0 4.0 8.5 6.5 Phe 23.8 15.0 4.5 4.3

B-Ala tr. tr. tr tr B-Ala 7.8 7.8 tr. tr.

7-ABA tr. 0 0.1 1.0 r-ABA 16.6 12.5 0.5 3.6

His 6.5 0 3.2 3.8 His 4.5 1.7 0.8 2.0

Orn tr tr. tr. tr Orn tr tr. tr. tr.

Lys tr tr. tr. tr. Lys tr tr. tr. tr.

Arg 21.5 12.0 0 9.8 Arg 32.8 26.3 0 6.5

Total 695 395 73 231 Total 872 700 56 116

Excluding methionine in this table Excluding methionine in this table

tr. . trace nd. : not detected tr. . trace nd : not detected
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Fig2l Relative molar composition in each molecular weight fraction (500<, 500-10000,
10000-100000, 100000<) of dissolved proteinaceous substances in seawater at St. 30 in
Funka Bay



Asp

Ser

Seawater sample

@

Thr

Gly

Pro

Arg

<
w
<
1
N ”
x
Standard
- = B
I
= < T
«Q
LY
52
v Z
3
Rt “w
B £ <
i o
L. 1 1 1 ] ] L 1 1
[} 10 20 30 40 50 60 70 80

Retention Time , min,

Fig.22 High performance liquid chromatograms of fraction having molecular weight larger than
500 in surface seawater of Funka Bay (A) and standard amino acid solution (B)
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N—2-—2 EF- -BIEKCETDIEEZ-NIEDE

198748 7 A 21 RIS hiclpkic o T, 2 EEORAGEREYM 2, YM5 (HESFRIZEhERIC, 5
x10% FAGTHFRIACHMEI N ¢/ BEOHENRS M EFig 200RT. i, ARREEOKE
(T), =z (DIN), BEEBFE (D0 BE%Fig 25173, KRZEEG T20C T, ARELOM M TICHERE
BEDLNG. EESRERE, COBBURTEEBEYRLCS. —F, BEBRIEERED5.5me /0
P H50mD6.9ml /L ETRHRMHEML, THUETRALTWS. ZhbD &L hHifTs L, ZOW
B - OB, AEKOWMAZER TiX/e, HEMCRER 2BMEY L - TWd. YM 2B & B 38H
PEHEIhEES DT § /BRI, FB0mT25nMTH D, 30mD15dnME CRI & LWL, ThIET
BIBE—EOEERL TS, #oT, KEBB LY L LB TRESL LN/ 20EE THI L, ThIE
TRRIE-EDEE L » T 5.

D0 a4 i/t
Amino acids (nM) S | —
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Fig.24 Vertical profiles of dissolved combined Fig 25 Vertical profiles of dissolved oxygen
amino acids having molecular weight (DO), dissolved inorganic nitrogen (DIN)
larger than 1x10% and 5x10% in sea- and water temperature (T) at St. 30 in
water at St 30 in the Funka Bay Funka Bay.

—%, YM5SEK X BE4 (Mr @ 5 x10°L0E) 07 ¢ /BIEER 0 mTI6MTH H, Zhsi50mED100
IME TER L EHIWEP LB, KBOT5, 85m TIRERERNITS, 158nMEEFT &RBEDMEE g T
5.

4z TYM2, YMSEOHEOE LI EC X v BORBES (Mr: 10°- 5 x10%) 2ES FES
(LMW —frac), YM5 B X 584 (Mr.© 5 X103 ) #E4FEsS (HMW-frac) &%, ¥4,
LMW —frac. tHM.W . ~frac OlBE S DL 7 I/ BEOLBER T 1 /B 5D 585 E & 0HEL{LIEFig
260Dk 5icie s, RBTREBED OEDBEAIHKCOXBETHHA, EETEHMW ~frac 22318100% %
LSBT . REHEES D7 ¢ 7 BEARY, FhEhTable 20, Table 21iRT. KFEHT L7 3 7 BERK
DNTHRTHEDE, LMW -frac TREFEFIZS DRIV v, 2V v, BIUO75=vTEXthFh0-—43
nM, 0—23nM, 0 —19MOETH Y, 3L A OB THANERL TR ED TS, —F, @57 I / Bk
LB TREBRUT CH O EBLRT I/ BOFe vy, 7224752 310m&T5mic LrERHE Shich -
o, PA—THRRTAHRBE (Fig 27), T 3 7 BHBTm TI2% E BV, HOJFTIR34—63% KB E L.
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¥ ek R HOb DH30m, 85mTO %, 3.2% & B
CAMBOTE T20—42%, BT < B 0 —22%, Rk
W7 S BT 5 —26%ThHBH. ERFERT I/ EuT10
mETSmOLTHEELENRERIY, 18%, 1 3 /B
8T THo¥c. HMWi-frac. T 4>, 75 =
v, V)V, AR VBETEhEN18—39nM, 16—
27nM, 10—26aM, 12—290MOMETH » , ThbIZER
CHIRLRL CL0% A 1% 5 Tl s . —F, &HRT
VA CTREBRIATTH Y, FBKRY :  BOF
gy, T2 TS5 VOWTR T 2=V T 7=V
250m TOLMIN I hicZF Chote. - TR
THxBHE (Fig 2T) k7 3/ BH41—65%, Ky
B obDNR13—23%, BT 3 B 15—20%, M
TIJBN2-10%THY, HBEET 3 JEREA 3 W
8% UTTHS.

Table 20 Concentration of amino acids in low molecular weight fraction of dissolved
proteinaceous substances in seawater at St.30 in Funka Bay

0m 10m 20m 30m 50m 75m 85m (nM)
Asp 2.7 16.5 5.2 0 2.0 1.5 0
Thr 10.2 17.5 14.0 0 5.5 5.5 0
Ser 23.0 22.0 27.5 0 14.6 10.8 0
Glu 26.0 17.7 25.3 1.2 12.5 0 0
Pro 9.0 2.5 8.3 0 4.7 0 2.0
Gly 31.7 24.3 42.5 21.3 24.3 0 4.0
Ala 17.0 16.7 19.3 12.5 10.0 0 3.8
Cys nd n.d nd nd. nd nd nd
Val 6.3 2.7 6.0 11.5 2.8 0. 0
Met nd nd nd n.d nd. n.d. n.d
Ile 4.5 2.0 6.5 0 2.5 0 0
Leu 7.8 0 9.7 0 4.7 0 0.7
Tyr tr. tr tr tr. 4.3 tr. tr.
Phe tr. 10.5 tr. tr 0 4.3 tr.
B-Ala 4.8 5.0 3.0 5.5 4.5 4.5 5.0
r-ABA 2.3 3.0 0 0.2 0 0 0
His 5.3 2.3 tr. tr 4.0 tr 0
Orn tr. tr tr. tr. 0.1 2.9 tr
Lys 6.8 9.5 5.8 3.0 4.5 0 0
Arg 3.5 0 8.0 tr. 3.0 4.3 6.6
Total 161 152 181 55 100 37 25

tr : trace nd : not detected



Table 21 Concentration of amino acids in high molecular weight fraction of dissolved
proteinaceous substances in seawater at St.30 in Funka Bay

0Om 10m 20m 30m 50m 75m 85m (nM)
Asp 6.0 4.9 2.9 1.4 4.9 3.4 5.9
Thr 6.3 9.3 6.8 6.8 4.5 5.8 9.0
Ser 18.5 26.2 17.2 21.0 10.0 17.2 26.2
Glu 22.0 22.8 19.5 20.3 11.5 29.0 24.5
Pro 8.1 11.9 6.6 11.9 3.4 10.4 4.1
Gly 38.9 25.6 29.6 21.1 18.1 43.1 37.4
Ala 27.1 19.9 23.6 16.4 17.4 25.6 22.1
Cys nd. nd nd n.d. n.d. nd. nd.
Val 13.0 13.8 12.5 tr. 8.5 12.5 11.3
Met nd. nd. n.d. nd nd. nd. nd.
lle 5.0 4.8 2.8 3.8 1.0 5.8 2.3
Leu 8.7 8.7 5.0 5.0 1.5 9.2 3.0
Tyr tr tr tr. tr. tr. tr. tr
Phe tr. 10.5 tr. tr. 7.5 tr tr
B-Ala tr. tr. 2.0 tr tr tr. tr
7-ABA 1.7 0.7 3.5 2.7 4.2 10.5 tr.
His tr. tr. tr tr tr tr 4.3
Orn tr. tr. tr. tr tr. tr tr.
Lys tr. tr. tr. tr tr. tr tr
Arg 8.5 12.0 8.5 tr. 7.5 tr. 7.5
Total 164 161 141 110 100 173 158
tr. : trace n.d. : not detected
I[l ] 5.0 . I?U%
T H 6]
10
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30 [ é%iz; o7
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NAromatic
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L

Fig 27 Relative abundance of basic, neutral, hydroxy, acidic, imino and aromatic groups in total
fraction (T), low molecular weight fraction (L), and high molecular weight fraction (H) in
seawater at St. 30 in Funka Bay

V-3 # &
V—3—1 &FZF HEABREKFOEFEZNIERYE
FE - WABRBAIPBRERAIA11BE 4 ALITERZ, Odate (1989) & X H BE INITIBEER BT S, Z
OHEDOCh a BB IO 1 BOMBEBOE{LL D (Fig 20), thEh v — 3 vI7BEH, 7r— 3 v 27EE
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LELLRD. CORBOARKART I/ BBEREFORBAL D LBV, TROSTFESMCETE, B
FHEDRNEIEIET—80% b tid, MAOHBORIAD S\ IIATHFEKRL ) b LOHATKE .
7, Ogura (1974) NAFBRCHG O & F UBAMBE T, 6 7251140 CRRERA+HODOCE 57
FRABL TWBH, EORBRIC LB ERBRT I HEL TEY) OBYEARE ~3T%THD. thdOZE
Wb, COBRFROMIBEO I N— I v IBICHES T 5 v 7 P VI L » ThicbEhicd D THDARERS
Exbhb. 198643 A1 &, 19874 4 BITHORBAFOS FEN 5 X10°-10"DEME, 2 v s7HEL
TRHBIESFTTHY, Lhd, 87 I VBROVAFVREART $ VBERELT5 (S20RBT
15% & 10%). Maita® (1988) ¥ X ¥, Maita and Kawaguchi (1989) X, % Vi ¥ AT ClE» 1 B &

DEREIRDYAF VICEALEST QWIREA L Y) D2 2 eFtil VEOHECOWTHEL TS, &
RECHEBEOHMIT OV TH ¥ 3 ¥ AFET CHYSHD A & v 334 VROPWECHT2RES DY, &
BTRERBIR7 74 bF L —Fv (Grills, 1985), H5HVEF ¥ 7 1+ A7 4+ ¥ (Murasugib, 1984) @HE
h, FOEKRC BT BEERRIC OV THEKS 2 MRAHETh T 5. SERVE S ERBEREOES FHE
4 Mr @ 5 x10°=10) D=T# ¥y, ZOHFREVAFVRBEART &/ BERSDHE LT, BHOEET
KHEBIND A 2aFF31 VIEB DI TSV 7 P vEKPCERT AT >4 bF LV —F Vv ERR
FoF 4 AT 4 VCHBTERIELDND.

Abe and Matsunaga (1988) 1%, & QUHROEHES ¥ 3 v ARER, 3AMDL 8 REIrT THY TSV 7 b v
DR OBARICE VERE LB LT EHBEL TS, SERVESh BB hOES FHES L, RAMH
BB L - TORHEIRADDOT, SHKE LSO TR, 7 8 BIERET 5% OB B
ZAHZEETEEN . UL, Y75 v 2 » vORBHNERE A — s vIHeBWC, BT 7 v
YR EBDD Y AOE D RAROBESFORTF FHMERCEE SR, Thick hRBOWwK GEEK)
RT3 BERNAEBYSTATERIELONS. —F, BEEORBIICR, vAFVRBARESTOL
VARIBERBRITE D o, TO L5 RNTF FHAERMEE L TEET B O E S B2V, YT T Y
7 b v ROFMORE, X OWER L OBIRC L ¥ ERBRAPRIR TR D, BY TESOFMHBS X
V7 3 BEROBRE LI, SEROFRDIBMFARETHS.

V—3—2 EZE- BNEKCEHIBEI-NIEDEADOHTFENTH

BHE - BABKCRTH7 § / BEEOHRBESMR L VS 20 S (LM W.-frac, HMW -frac) DR
LA DOPREHAL, BEX VAZEYWEO 7 2 7 BARCIHERNCEELELZRD LRIV, TORED
B & DS FRSAIRE > TR, B ELEILEFTHEOBRE AWML THH I LERLTY
. CThEABEOT ENBBEEARS GERE) ODOCOSFHA/MEOWTHI|E T TW5 (Ogura 1974,
¥io, WEEAY 4 CTHRI0ON BERE LRER, B FoDOCOEEHEA LiasF ODOCOR D HINT %
zL, 85K, DOCOZFRHMOELCHEEDPEE L THDHZ ERRESH TS (Ogura 1977). TR b
D L AEROBERL Y, KEROBWEZ v 7 BRI TOSRRE, RBRCE T, TOFFOKE
TP HHTRIDND, BEWOHEY 5T TRINCEA L, £OBRSFRLSMFCES - TRESTFHEOEE
NAEL T T ENHRIND ., ¥, BEEF V2 BB SDOND EBRRRKS TH B 5, DOND
BERRS FRSHFEOWTHRBOZ EBTHEIRDE. 3o, EE0L0RE, B0 THHEOMHEEHK
B EVHEAL, BEERY B OWTHTRED L HHERIND.



BVE X—VY VI BIRGAT I BOREEE EYIES

T OETI, EYEEENRBENECE XRhTWB =1 v FEIEWT, DFAA, PAAR X ORERO AR
ir (POC, PON), 7mr7 s a (Chla) &, ATPEYHEL, BEOHBERELHETS L LI, £
DER S DFAAREOMIRE N ED L 5K Y H > TWBDRRKDOWTERT S,

V—1 HH&BIUTHFE

V—1—1 & #

BbHE U TRV REARIE, BRAY - BRALKH-86- 3 BiEIC 84 C19864F 6 F 1TH W Fig 281c/R L7zSt 1
(67" 60’ ‘N, 178" 26’ E, A# :3640m) T, ¥xM%E 6 A19B1CSt 5 (61" 43’ N, 174" 32’ E, K
T9m) TAV F VA& AV TR L. FARHRERSOMEIIT - 1 — 1 CR~/eD LR UHE TfT-» 2.

V—1-2 HHHKE
DFAAIRE [ B Tah_7= 5 T, PAA, POCE L OPONIZI — 1 — 2B HET, ¥FATPIZ,
Parsons® (1984) OHECRIE L.
7c25, Chl a, K&, H5 2 ABMKH-86- 3 Yfi¥E DPreliminary Report (1986) & X » 7.
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Fig.28 Location of sampling stations in Bering Sea.

V-2 #& B
V—2—1 St &St5OYEEEERE
R— Y v rEOSt 1 £St 5ERTBKER L OES OHESHRFig 28R, St 1 TRAKERZAEOIM T
BICTHRE & bW LAE200m TIE3.TCIRIL» T 5, HHIIKEE 0 mT33.086% THEE & & b2
LK ZE200m T 1133, 587% 1 7e » T b, —F, St.5 TIRAKRIZ 0 mT3.1CT, KE0mETT—1.5CE TR
WA LR TREBE—EDHEY R LTS, B AR 0 m T30.479% TRELOmD 5 30m D Z
TR L, T5m Ti332.359% 78 » T B, KR, SO b X TRE0mEBERIBREh T35,

V—2—2 POC, PON, Chl a, ATPOHENT
St. 1 $ XSt 5 kBT BHPOC, PON, Chl ¢ X UATPOEE S fi%x Fig 30, 3LCR3. St.1 Tk, PON,
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POCiZ, OmTEhEMI36.1peg/ 8, 216pg/ 0 THREOM E TR L, 50m TI3EAM (PONiX17.818/0,
POCI2168.048/0) & b0%, TSmAETIRIZE—EDEEFLTW5. Chl a X 0ma» H10m TIEHL.0
Lg/ QDET, ThUBETREILLIEHES LT3, ATPIZ 0mT901lng/ 4 T, 40mic &K {#
(499ng/ £) & b 2H50m U TRIRIF—EDOHER R L T 5. St 5 Tid, PON, POCE, 30miciEifE (£h
Fh3I.Tre/l, 320.2ng/0) 2HL, TAUAOHETEPONIZIA—24rg/ 0, POCIZ100—200 1 &/ £ DIET
$%. Chla 0mT0.2pg/4 T, 30mITMAME (1.6pg/0) BEONEE»HERBCAT THINT 5 EAY
RLTWB. FATPL 0 m T165ng/ £ T20miBASE (491ng/ 0) %R ONEE L & I, bIEMCEmMOE
MERL T3,
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Fig.29 Vertical profiles of salinity and water temperature at St. 1 and St. 5 in Bering Sea

V~—2—3 DFAA, PAADSENHET I /EEER
St 1, St 5> 5DFAA, PAADHES T4 Fig 30, Fig 3wt
St. 1 ®DFAARAKZEIOM C21nME BB TH », ThIMRTIRBER L LIPS L Tw5 . St.5 TRAKE
30m T352nM EFVWVETH B A, ThEBRIGEREY» SER F T 100nMAi# ol TH 5. —F, PAACDW

“0-POC pg/i 0= ATP ng/ ~o- DFAA nM
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Fig.30 Vertical profiles of POC, PON, ATP, chl a, DFAA and PAA at St. 1 in Bering Sea.
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Fig31 Vertical profiles of POC, PON, ATP, chl @, DFAA and PAA at St 5 in Bering Sea

Tit, St 1D 0 m#530m TXL000nMEL EDEETH D, 10mdD1555nM &k H X & & b iiid> L, 100mbd
TETIR200nMETH TR —E DB E 7t > T3, St 5 T2 02 575m ¥ THBEMIC K ¥ 78 Z B2 7z < 700nMET
BOETHS.

DFAAD 7 § /BRI OWTIE, St. 1 TR EVH DL (Table22), 7YV v E75=vTEthFfh T —
41nM, 4 —22nMORIOE TH D, ThOSIENERE TRELBChI - TIOX U LZ ED TS, it
=F Vi 5 —18nMOME THDIEREBEIL 0 mED 7 %0 H200mED28% ¥ TR L L WML TS, &
ROEIA-FHCEBELTHSE (Fig 32), dk7 3 VEEN35—56% % 5 TRD S KICHHMET s VB
DI3—40% LS\, FRBMET I S BIZ 8 —18%, KEHEEFHOLDILE6 —20%, 1 I/ BII4—10%THS.
FEET $ 7V BRLEBERUCCLLUTT, 807 I /VBIEBYE L TREBRAUT th-7. HERNLEL
CHEHLTRS LEEET 3 VB0 —50mE TTRIRBE THHH, ThUFED100m T0%, 200m T40%
LRI Tw%,

Table 22 Concentration of dissolved free amino acids in seawater
at St.1 in Bering Sea

0m 10m 20m 50m 100m 200m (nM)

Asp 5.1 11.9 5.9 7.8 4.8 1.5
Thr 2.3 8.1 2.9 4.5 1.6 0.7
Ser 5.2 34.8 10.1 15.5 9.5 1.9
Glu 9.4 13.4 12.5 5.4 1.3 1.8
Pro tr. 14.9 tr. tr 5.0 4.1
Gly 19.5 40.8 24.2 25.4 13.1 7.0
Ala 8.9 21.6 12.2 12.1 7.4 3.8
Cys nd nd n.d. nd. nd nd
Val 3.7 9.3 5.0 5.3 3.8 2.2
Met nd n.d n.d. nd nd. nd
Ile 1.8 4.1 3.2 1.7 1.6 0.5
Leu 4.2 5.8 4.9 4.0 2.5 0.8
Tyr tr 2.7 tr 1.7 1.6 tr.
Phe 3.2 2.8 3.1 1.9 1.3 tr.
B-Ala 8.2 12.2 2.6 tr. tr. tr.
7-ABA tr tr tr tr. tr tr.
His tr. 6.1 0.5 0.9 3.4 0.3
Orn 5.5 18.5 6.8 10.2 14.5 11.4
Lys 5.3 8.0 4.3 4.7 4.2 tr.
Arg tr. 0.7 2.6 o tr. tr. tr.
Total 82 215 100 101 75 41

tr. : trace nd. : not detected



—39—

—75, St.5 TRMHEEH W7 3 78I (Table 23), 7V v v, 73=v, ) v, BIOFA=FVTThTh
15—97nM, 10—38nM, 8 —30nM, 12—22nMDfET, ZhSEERERL CIE2E TI0%L Ly 55, ¥
fo, A= F VROV TIISt 1 DRICRI L & blmT 2EmAR SRy, Chl a PEEEZRT0mE
TOMENBEBRIE.3% LMD (11-16%) KHRTEL - T, ZhAby 7 - 7FHEBEL AL L
(Fig 33), Bk 7 ¥ 7 EAHA2—-52%, ST ¢ / EAA13—24%, KEBE L HO b DA10—-20%, BHE7 3 /B
B8 —-1T%THB. HEET I VBB IVA I VBIZEBLE L CREBARUT CTh-7c. o/ —7HcR
EREEWT, SHEMCEELRELIRDShic.

1] 50 100 %

20 2 /l\ B
50 21 E|
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t
Acidic I LAromatic
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Fig 32 Relative abundance of basic, neutral, hydroxy, acidic, imino and aromatic groups in dissolved
free amino acids (DFAA) and particulate amino acids (PAA) at St 1 in Bering Sea

PAAD 7 3 7 BB OWT, St.1 TR S VLD (Table 24), 7V v vk rsnz s VERTEThEh26
—164nM, 19—179nMODE T DLHFD2D 7 3 7 BRERERL C2Bcbic» TIOX U L DT 5. i
7Y v v ONER L 0 mBEO12% 0 SEBICH - TI9%B X THRI L LLTHMTHERAELRT. 73I/8
HHE 74— 7R EET 5 E (Fig. 32), 7 § /B 42—46%, BA%: 7 ¢ V BEAS18—22%, KA D%
DOHI3—-19%, HWIEKET : VBRI -1AKTHB. FLFEET I VBRIOT IV BRAERBTCHR - T6X%E
FTTeho, &7 BRERChI > TREBRUT Thoc. ZhbDHERHENCIZE—ET, LHIE
BN, =, St 5 TS WDk (Table 25) 2V vy, 7 g i VEE, BIUOT7 5=V TERER
77—94nM, 65—93nM s X V64— UnMODE TH b, KBt o THHERL CIEI0% U L2 did 5. s~
TR A THB E (Fig 33) k7 3 /7 #2341~43%, Btk 7 3V BH19-28%, Kigdkx o D13
14%, HIMT 3 VBR12—15%TH D, FRBERT I VB, 1 3 VB, 87 I VBB bic,T8%
LIFehote, ZhbOEEESt 1 & RRRICSHEMIZRE L TR h EBRIZ NS,

V-3 % =
V=3—1 R—ULTEOEERE
N— ) v I OHEREORKER LD, 4ERCEHEh Tv% (Coachman and Walsh 1981). %, &
EEAS IR TKE, BH»IER»SERM % TH— 0% LT\ Bcoastal domain, EHOFREEBAK X - TK
EOMmAARE T ERiE Y & B middle shelf domain, EAMCABRIRBHEY & 52, KBEAMIC X 5 KE,



Table 23 Concentration of dissolved free amino acids in seawater
at St.5 in Bering Sea

0m 10m 20m 40m 50m 75m (nM)
Asp 3.8 5.5 8.8 13.2 3.8 59
Thr 5.3 4.3 4.5 15.7 1.9 2.0
Ser 16.0 18.2 30.0 35.6 11.4 7.6
Glu 4.8 4.4 10.7 23.6 7.9 9.8
Pro 7.0 tr. tr 22.1 tr tr
Gly 21.6 23.9 29.5 96.7 14.8 19.2
Ala 10.6 15.3 14.8 37.8 10.3 15.0
Cys nd. nd nd nd nd. nd
Val 2.3 2.3 5.1 7.9 3.0 2.2
Met nd nd nd nd nd. nd.
lle 2.5 2.4 2.2 7.1 1.4 1.1
Leu 3.6 4.0 4.4 10.6 2.7 2.8
Tyr 1.7 tr tr 5.3 tr. tr.
Phe 1.7 1.8 tr. 5.6 tr 3.4
B-Ala 7.4 4.1 4.4 24.2 tr 4.7
r-ABA tr tr tr. tr tr tr
His 2.1 4.5 5.6 10.7 1.0 2.4
Orn 11.4 16.4 16.4 22.1 11.9 12.7
Lys 6.2 6.3 6.6 13.9 5.2 5.7
Arg tr. tr. tr. tr. tr. tr.
Total 108 112 142 352 75 94
tr. : trace n.d. : not detected
1] 1} 50 100 %
DFAA 0 7T PAA o /‘\ Sulfur
18 Z 4 18 |/ /z
20 |/ A 20 [ ,Jl
30 LA 40 [/ ,l\
W 27N 50 .2 .
7 ] imino
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Bgslc Neu’tral Hydioxy Aciaic Aromatic Basic  Neutral Hy‘droxy Acidic Aromatic

Fig.33 Relative abundance of basic, neutral, hydroxy, acidic, imino and aromatic groups in dissolved
free amino acids (DFAA) and particulate amino acids (PAA) at St. 5 in Bering Sea.
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Table 24 Concentration of particulate amino acids in seawater at St.1 in Bering Sea

Om 10m 20m 30m 40m 50m T5m 100m 150m 200m (nM)

Asp 135.1 160.3 112.8 49.9 34.4 30.0 27.7 19.2 7.9 6.1
Thr 107.9 103.8 79.1 44 4 30.7 23.2 17.1 13.3 33.3 17.6
Ser 88.0 1141 75.8 41.9 29 6 289 21.6 17.0 11.7 8.9
Glu 155.1 179.1 139.2 73.0 49.6 37.5 3.4 23.2 29.2 19.4
Pro 53.1 53.7 42.0 29.2 19.5 9.6 11.6 5.3 tr. 4.1
Gly 164.1 188.3 134.3 74.3 51.2 49.5 40.4 30.2 39.6 26 2
Ala 138.8 161.9 131.7 59.2 4.7 32.0 28.4 17.1 18.0 11.9
Cys n.d. nd n.d. nd. nd. n.d nd n.d. nd n.d.
Val 84.0 103.1 86.7 382 24.6 19.3 986 9.7 10.2 7.8
Met nd. nd nd n.d. nd. nd. nd. nd nd nd.
Ile 67.9 771 62.8 29.8 18.6 15.0 14.5 9.5 10.1 7.3
Leu 110.7 126.6 96.2 50.3 32.8 26 9 23.0 16.4 17.9 12.2
Tyr 34.7 36.6 14.3 10.4 tr 7.1 7.4 3.4 1.0 1.2
Phe 46 4 51.6 37.6 225 15.1 11.3 100 7.4 7.0 4.7
B-Ala 31 22 tr tr. tr 0.6 tr. nd. nd. nd.
7-ABA tr. tr. tr tr. tr. tr tr. tr. tr. tr

His 16.7 20.6 12.9 8.7 7.2 42 3.9 2.3 3.0 1.6
Orn 1.5 5.5 2.3 37 3.4 3.0 0.9 0.3 1.8 0.6
Lys 89 4 99.4 84.5 383 28.4 19.3 17.2 10.6 11.0 7.3
Arg 56.9 71.0 55.0 26.3 16.6 13.2 12.3 8.5 9.6 - 6.6
Total 1353 1555 1167 600 402 331 272 193 - 211 144

tr. : trace n.d. : not detected

Table 25 Concentration of particulate amino acids in seawater
at St.5 in Bering Sea

0m 10m 20m 40m 50m 75m (nM)

Asp 58.8 63.3 79.4 71.9 58.0 77.1
Thr 46.5 55.2 66.6 55.0 40.2 46.9
Ser 42.0 43.4 48.8 42.0 35.3 48.3
Glu 74.0 78.4 93.1 85.4 64.8 86.5
Pro 35.1 25.6 33.7 39.5 30.8 nd.
Gly 87.9 86.4 94.3 88.0 68.5 77.4
Ala 68.7 72.9 93.7 83.0 64.0 80.1
Cys 15.5 n.d nd nd nd. nd.
Val 38.7 39.0 46.7 42.7 36.4 53.4
Met 7.9 9.7 11.8 17.4 0 0
Ile 32.9 34.3 42.7 39.4 26.9 35.3
Leu 56.3 56.8 66.4 53.9 40.3 53.2
Tyr 24.4 19.1 19.7 15.8 8.6 14.9
Phe 27.8 25.3 28.2 19.4 18.6 23.7
B-Ala nd. 4.2 4.8 4.6 n.d n.d.
7 -ABA tr. tr. tr tr. tr tr
His 8.9 8.8 10.2 9.9 10.7 11.0
Orn 2.0 2.5 1.0 2.3 5.4 4.2
Lys 41.6 42.6 49.0 43.9 38.8 47.7
Arg 28.8 32.5 33.1 33.0 30.2 39.1
Total 698 700 823 747 578 699

tr. : trace nd : not detected
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5 OIS ER L BT Houter shelf domain, = L TKEE & dTEHWM, KB D4 A% 7R $ oceanic
domain® 4 B TH B . THhLOEROERICIE 7 v v F RBREh, BRI OLIHEVICTED » TIE inner
front, middle front¥s X 0%, shelf break front& ifh, ThdD 72 v MRFESHEERSOmM, 100mEB L O
1T0mBP VR ER T3,

IOBETEDHITBHSL 1, St.51%, TOKHEEFig R LAKE, HAOSHLVHAMLC, ThEh
oceanic domain, middle shelf domainlicfZBEL T8 D, 2BHALE S, HEHCIIERE L KBS t->Tw
HEEZLRD.

V=3—2 ~—YLYECHTEOFAALTBOEYDER

DFAAREEEHE St | OKEIOm &St 5 DAKEE0m TiiChl o R, EHS 5V 2 + v EDFAAL O/
W S 0BGRAD S L5 CBbh%.

St. 1 TIZChl a PEIZEI L L HIBA L, Pheo/Chla (7 = AT 4 Fv/7mr7 ;ba) HIZEE L LB
0.0T2°54.48% THMLTH b (Fig. 30, 75 v 7+ vOEKRIERBEEB W EELLRS.

ATPiZ, £ETWAHDDBEEEZE LA, BHEOWMYSZ v 2 v, B S5 v 7 P VB IUHER L ED
i%‘&_%:%'?‘; PoT, BTV 2+ vEOSVWEBR T, W75 v 7 P VOATPADHFELRE W EE L
b B, B FIZATP/Chl a i, ATP/Chl a+PheoltiZE\VEE 8%, L2545, TSt 1 TR DX
50m CHLEL (0.26), BERIEGE W EIEED LAY (Fig 34). T0Z &b, HiEShicATPA~
DB TS VI P VOFERIPEMOEPOFENKREEELDRD. Fiz, POC/ATPHERTAHD L,
KEES0m & 150m TEREFRI615, 3 X U128 LFEHICHE L, TDMDORE C213T—565DHMHEDE TH B, Th
SOMEL DY TS v 7+ v OEYOBHRIC O TR HEZE T 5 2 X TR,

Table 26 Ratio of POC/Chl a, Pheo/Chl a, POC/ATP, ATP/Chl a and
ATP/(Chl a + Pheo) in particulate matter in seawater at St.1
and St.5 in Bering Sea

POC/Chl a  Pheo/Chla  POC/ATP ATP/Chl a ATP/(Chl a +Pheo)

St 1— Om 232 0.07 240 0.97 0.91
10m 207 0.14 247 0.84 0.74
20m 200 0.37 501 0.40 0.29
30m 198 0.42 329 0.60 0.43
40m 168 0.72 137 1.23 0.7
50m 419 0.56 1615 0.26 0.17
75m 253 0.96 288 0.88 0.45
100m 416 1.59 565 0.74 0.28
150m 1498 4.38 1123 1.33 0.256
200m 1719 4.48 344 5.00 0.91
St. 5— Om 635 0.16 772 0.89 0.70
10m 653 0.09 856 0.76 0.59
20m 339 0.16 410 0.87 0.71
30m 197 0.36 1329 0.15 0.11
40m 139 0.21 641 0.22 0.18
50m 116 0.24 401 0.29 0.23
75m 117 0.45 321 0.36 0.25
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Fig34 Vertical profiles of the ratio of POC/Chl a, Pheo/Chl a and ATP/Chl a ratio
at St. 1 in Bering Sea

LIAT, TOMADDFAABEREILLIEREI L, A= v OEMEATEI L L b, ®MhLTw
A (Fig35). I—3— 21k, A= viRTAX=VvOSBRYTHH L RBIKREBRKFOEREC
REBEHTHY, AA=F VOGN TH LV T &, BEHOBUIB N LERRTHEELDRD

(Mopper and Lindroth 1982).

St 1 TIRFRD X S KRBT LMY TS v 7 F VOBERREEZEX DR, RERCREYSF 2V
NEODFAADEEE Ollo 1989 AERTHBEELORD. i, KEANOMODFAADBEIRE LT
iz, BT 5 v 7 b v OBk (Webb and Johannes 1967, Smalls  1983), B X OB~ 5 v 2 b vy 7 5
v v ERBRATAROMKE (Sloppy feeding, Lampert 1978) #3E 2 bh 5. REF TR LRDO L 5 i
DFAADEES, BEWT X551 - BHEEACK LEBLTWE2, HIL L DREBERBEMC L DM -
EEERPRECEB L TP D, AN=F VOHERIDOL SRS L LDHMT IO Tigh e L
BRA. CHERBOIEN /A 2 —¥E, A THBEBWTIEEIR TS (Garrasid 1979, Mopper
and Lindorth 1982). ¥/, DFAAF DAL =5 v OMFEERTO% LD DI W o8E S H B (Wiliams
and Poulet 1986) .

St 1| TDFAARK AN =FVORFEEZ HRD 7 A¥ = v REBIChi - TREBRAUT TH -7
T, ZORFEHXPAARDOT V¥ = Vit RO L ORMBFEEARTARS &, Fig 36D X 51isd. PAAFOT ¥
= Vv OREN SERBALT TOBATIZHE0nM T, DFAAF O L = F v ORFRIZE 4200MTH 5. 0
ISR B AT, PAARD 7 ¥ = v HDFAAFOF L =+ vV ORBR TH L MHERRITAICHE LD,

—7, St 5Tix, Chl a F2St 1 ICH~TE <, Pheo/Chl a H:$0.09% 50.45 & {E L (Table 26) TH
b, ZOMEDOKEDBME TOWEY TS V2 b voiElE, St 1 ORFBIBREDH X ThU ETHDEEZLD
B, Fio, St 5TiE, St 1ICHADFAARELRHEL, AAr=F vy ORNUAIELSESAITXTHS. ThiZ,
DFAADESHE A D5 - BEEBCHRCEBL TV BebEELbhb.
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Fig.35 Vertical profiles of relative mole percent of ornithine at St 1

and St 5 in Bering Sea.
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Fig.36 Vertical profiles of ornithine in dissolved free amino acids (DFAA)
and arginine in particulate amino acids (PAA) in seawater at St. 1 in

Bering Sea



WRP OB EERDREIFHTH S L, K5 DR - 2 HNESclcbic, EHELHFROLOK
HX, TOWRIHEATEDL T, RHLAPREBRERTWS. BETRET > TWAES VLT 5
i, ETHAPCEEL TV AEEYERY ELLBELLOSHEWLMCL, O5HeIRHT5ER
HBRSRTRERR B, 22T, BKRKPEHEFETIERYOF T LR AROETERBRS THHT ¢ B
AR L FERBS SO OB LR LM TH L HNCHRER T2,

FF, 7/ (nmol/L) VL CERKFPICEET HEEERT ¢ 8 (DFAA), B4 7 3 7B (DTA-
A) ®100m L BEOHWA CHET A H LR Lic. ok, FERC BT BEE U0 TIRBI - 846 - ks
Rl ¥ DBRF BT B RATECHT 5 Z LB LW, A—RB v T 2EHUEDL DELSHETS Z
Lk, AU TORERMHEN CEERORVHEEIMESh. B, ZoBRYBAMGBRCERL
T, B2V BWEY S FROETHHELHLTH LN TEL,

MBI E LT, BBIEKFRERR T, DFAAKS I UDTAARIIE Lic: 25, ThOOEEL, FhEh28
—244nM, 425—825nMTH - 7. SREMMEAE LTI, Bi% & dRBH THEMEEL R L, FhUE TR
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Behavior of Dissolved Proteinous Substances and
Amino Acids in Seawater

Kuninao Tapa

Summary

The study on the standing stock and the behavior of dissolved organic matter (DOM) in seawater
is very important to clear its geochemical cycles of bioelements in marine enviroment. In ‘earlier study in
this field, the analysis of DOM which is mainly composed from high molecular weight was forced to
hydrolyze to their compositional unit in order to reveal the concentration. For example, polysaccharide
and protein were hydrolyzed to monosaccharide and amino acid by a mineral acid under high
temperature before their analyses. Therefore we have little information about the existent state of these
substances in natural waters

The object of this study is to explore the standing stock, existent state, and the behavior of
dissolved protein and amino acids in seawater.

A sensitive fluorometric method in addition to ninhydrin method was tested for the analyses of
dissolved total amino acids (DTAA) and dissolved free amino acids (DFAA) in seawater Moreover,
these methods were applied to the samples fractionated by ultrafiltration. Molecular size distribution
based on ultrafiltration provides the information about the state of being real dissolved proteinous
substances in natural seawater. Using the newly developed technique, the vertical distribution of the
concentrations and molecular nature of DFAA and DTAA in the seawater were examined from
biogeochemical point of view
The results are summarized as described below.

1. Analytical procedures for the determination of nano mole levels of amino acids were developed,
taking into consideration artificial contaminants derived from reagents and equipments. Duplicate
analyses provided reliable data within 149% coefficient of variation at concentration levels of ~ 825
nM These method could be applied to the fractionation of dissolved proteinous substances in
seawater by their molecular weight, using ultrafiltration.

2. The concentrations of DFAA and DTAA changed vertically with the ranges of 28~244nM and
425~825nM in the samples taken from surface to 4000m depth in the western North Pacific Ocean
3. In the western North Pacific Ocean, the standing stocks of DTAA, dissolved organic nitrogen
(DON), particulate amino acid (PAA), and particulate organic nitrogen (PON) and their atomic ratio of
dissolved and particulate substances were estimated within in water column from surface to 4000m
based on the vertical profile The ratios of DON/PON and DTAA/PAA were 18 and 3.6. Although
the standing stock of dissolved organic carbon is in general about ten times magnitude higher than

particulate organic carbon in water column, the ratio of DON to PON showed relatively high values,



as compared to that of DOC to POC.

4. No remarkable variation was observed vertically in the composition of dissolved total amino acids
at the western North Pacific Ocean. However, there was clearly different on the relative abundance
and amino acid composition of each fraction of dissolved proteinous substances fractionated by
ultrafiltration. Relative abundance of high-molecular weight fraction tended to increase with depth,
decreasing the concentration with depth. Similar tendency was also observed in Funka Bay,
Hokkaido. This suggests that high-molecular nitrogen component is not subject to be decomposed by
microorganisms compared to low-molecular compounds.

5. Relative molar composition of hydroxy amino acids (threonine and serine) were higher in
high-molecular weight fraction than low-molecular weight fraction Since diatom cell wall contains
significant amounts of hydroxy amino acids, these amino acids may be tend to increase in seawater
media with resolution of sinking diatom frustules in deep waters

6.  Ornithine, an intermediate degradation product of arginine, was detected in hydrolyzate of
high-molecular weight fraction of all samples taken from the western North Pacific Ocean. It is
suggested that ornithine derived from polypeptide, not free amino acid.

7. In the surface seawater in spring bloom period at Funka Bay, relative abundance of the
low-molecular weight fraction (M W.; 500~10000) accounted for 57 to 809% of DTAA. In this
fraction, a kind of sulfur containing amino acid (cystine) was relatively abundant. The presence of a
significant amounts of cystine may be an evidence of metal-binding protein which was been recently
found in a cytosol of a diatom species, Phaeodactyrum tricorntum by Maita et al. (1988).

8. DFAA varied from 41 to 352nM at two stations in the Bering Sea. Remarkable variation of the
amino acid compositions were observed. Relative molar composition of ornithine was varied from 6
to 28% . The correlation between the concentration of ornithine and the concentration of chlorophyll
a or ATP known as indicators for biological activity, POC or PON known as indicators for biomass
were examined. It is considered that the concentration of ornithine depends on the activity of
microorganisms, because the concentration of ornithine was high in the bottom layer which
microorganisms surpass, compared to the surface waters which phytoplankton and zooplankton

surpass in their biomass and activity
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1983) (in English)

Shigeru MoNTAN! : Early Diagenesis of Amino Acids in Marine Sediments (October, 1983)

Masahiko IcHn : Studies on the Utility of Ratoon Traits of Rice as the Indicator of Agronomic
Characters in Breebing (November, 1984) (in English)

Ikuo KATAOKA : Studies on the Coloration of Grape Berries with Special Reference to the Regulation
of Color Development by Abscisic Acid (October, 1986)

Haruo Suzuki : Agrometeorological Studies on the Effect on Soil Temparature, of Film Mulching and
Canopy in the Upland Mulching Culture (October, 1986)

Masayoshi MiNowa : A Study on Thermal Radiation Environment in an Open-type Livestock Barn
(October, 1986)

Masayuki Fuyra : Studies on Cytochrome P-450-Dependent Mixed Function Oxygenase in Sweet
Potato Root Tissue (October, 1986)

Michio TANAKA : Studies on the Clonal Propagation of Phalaenopsis through in vitro Culture
(February, 1987)

Atsushi HASEGAWA : Studies on the Propagation of Oriental Cymbidium (December, 1987)

Tadasi Kasal : Studies on the Hydrolysis of Oligosaccharides of Soybeans (December, 1987)

Shogo AOYANAGI : Studies on the Physical Properties of Residual Granitic and Andesitic Soils in
Setouchi Coastal Region, Northern Shikoku (December, 1987)

Takeshi KATAYAMA : Degradation of Lignin Substructure Model Compounds by Fusarium solani
M-13-1 (November, 1989) (in English)

Takuro MAsupA : Studies on the Charactaristics of Masa Soil as a Medium for Tree Growth and
Methods for its Improvement (October, 1990)

Kuninao Tapa : Behavior of Dissolved Proteinous Substances and Amino Acids in Seawater (October,

1990)
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